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many t i e s  w i l l  have a h igh  d e n s i t y ,  wh i l e  one where t i e s  a r e  s p a r s e  w i l l  
/ 
"Survey r e s e a r c h  methods have o f t e n  l ed  t o  t h e  neg lec t  of s o c i a l  
have a low d e n s i t y .  Densi ty  can,  t h e r e f o r e ,  be i n t e r p r e t e d  a s  t h e  socio-  
I m e t r i c  s a t u r a t i o n  of a network. 
I 
Measuring d e n s i t y  is a s u b s t a n t i a l  d e p a r t u r e  from p rev ious  e f f o r t s  t o  
I 
s t r u c t u r e  and t h e  r e l a t i o n s  among ind iv idua l s . "  With t h i s  s en tence ,  Coleman , i n v e s t i g a t e  networks in l a r g e  populat ions .  Using Granove t t e r ' s  technique,  
(1958, p. 28 ) opened h i s  a t t a c k  on t h e  a t o m i s t i c  methodology of survey re- : one could measure a r e l a t i o n a l  p rope r ty  of a group. P rev ious  techniques  a l -  
search.  Noting t h a t  a s  survey techniques  developed,  methodology had re-  1 lowed r e s e a r c h e r s  t o  i n v e s t i g a t e  long cha ins  of acquaintance and a c c e s s  
mained rooted in  t h e  i n d i v i d u a l  a s  a u n i t  of a n a l y s i s ,  he  observed t h a t ,  
"As a r e s u i t ,  t h e  kind of s u b s t a n t i v e  problems-on which (survey)  r e sea rch  
focused tended t o  be  problems of ' agg rega te  psychology',  that is, B- 
i n d i v i d u a l  problems. and never problems concerned wi th  r e l a t i o n s  among 
people." And so i t  remains today: t h e  g r e a t  bulk  of survey-based r e sea rch  
c o n s i s t s  of t h e  a n a l y s i s  of i n d i v i d u a l  a t t r i b u t e s .  
Coleman's agenda has  ha rd ly  been completed, but  r e c e n t  developments 
i n  t h e  . s u b d i s c i p l i n e  concerned wi th  s o c i a l  networks provide t h e  ma- 
t e r i a l s  f o r  a t t a c k i n g  r e l a t i o n a l  i s s u e s  wi th  surveys .  Cranove t t e r  (1976) 
presented t h e  methodological  foundat ions  f o r  t h e  i n v e s t i g a t i o n  of l a r g e  
networks wi th  t h e  f a m i l i a r  methodology of t h e  random sample survey. He 
showed that i t  bas p o s s i b l e  t o  o b t a i n  e s t i m a t e s  of soc iome t r i c  d e n s i t y ,  
which can be  de f ined  a s  t h e  p r o b a b i l i t y  t h a t  two randomly chosen p e ~ p l e  
( (Milgram , 196.7- - ), o r  .the immediate surroundings  of a random sample of 
/ respondents  (Laumann,. 1973). But w i th  Granove t t e r ' s  technique,  i t  be- 
I 
I came p o s s i b l e  t o  t h i n k  of networks a s  they extended wi th in  and between l a r g e  
I 
( c a t e g o r i e s  i n  t h e .  populat ion.  G r a n o v e t t e r ' s  own previous  work had shown 
; t h a t  most people have acqua in t ances  o r  "weak t i e s "  t h a t  e x i s t  f a r  beyond 
I 
t h e i r  everyday haunts  (Granove t t e r ; l 973 ,  1974 ). At l a s t  i t  could be  inves- 
i 
I t i g a t e d :  Are some groups more 'c lose-kni t  than o t h e r s ?  Are some groups  d i s -  
i connected from t h e  r e s t  of t h e  popu la t ion  wi th  whom they  s h a r e  a geographic  
I 
1 r eg ion?  Do s o c i a l  t i e s  r e f l e c t  t h e  group boundar ies  i n  a populat ion? O r .  
indeed,  a r e  t h e  members of s o c i a l  c a t e g o r i e s  so  in termingled that. i n  t h e  
sense  o f  t i e  s eg rega t ion  and d i f f e r e n t i a t i o n ,  t h e  c a t e g o r i e s  ha rd ly  d e f i n e  
I groups a t  a l l ?  
I 
These a r e  e x c i t i n g  ques t ions  t h a t  ha rd ly  exhaust  t h e  p o s s i b i l i t i e s  f o r  
have a t i e  t o  each o t h e r .  r e l a t i o n a l  survey methodology. I n  t h e  f i r s t  p a r t  of t h i s  paper .  f u r t h e r  
The concept  of d e n s i t y  a r i s e s  when a l l  p o s s i b l e  t i e s  that might occur p o s s i b i l i t i e s  w i l l  be suggested.  Some, which have been presented e lsewhere ,  
in  a populat ion a r e  considered.  With N people  (or  nodes) N(N-1) asymmetric I w i l l  be a l luded  t o  b r i e f l y .  More a t t e n t i o n  w i l l  be  paid t o  new i s s u e s ,  es- , 
t i e s  a r e  poss ib l e .  (An a s y m e t r i c  t i e  is  one such t h a t  i f  I am t i e d  t o  you, 
you need no t  be t i e d  t o  me.) The number of synmetr ic  t i e s  is ha l f  cha t ,  o r  
N ( X - ~ ) / Z .  which i s  a l s o  t h e  number of p a i r s  in t h e  populat ion.  The d e n s i t y  
is t h e  number of e x i s t i n g  t i e s  d iv ided  by t h e  number of p o s s i b l e  t i e s  ( f o r  
an  extended d i s c u s s i o n  of t h e  concept ,  s e e  Niemei jer ,  1973). A network wi th  
p e c i a l l y  t h e  p o s s i b i l i t y  of employing r e l a t i o n a l  measures where c a t e g o r i c a l  
a t t r i b u t e s  (o r  demographics) have been p rev ious ly  employed. Once we have 
expanded t h e  pool of p o t e n t i a l  a p p l i c a t i o n s  beyond what Granovet ter  d i s -  
cussed,  we w i l l  t u r n  t o  methodology proper .  I n  t h e  second sec t ion ,=  w i l l  
compare Cranovet ter , ' s  subgraph sampling t o  an a l t e r n a t i v e  which, we s h a l l  
s e e ,  i s  o f t e n  s u p e r i o r :  d i r e c t  ques t ion ing .  I n  t h e  f i n a l  s e c t i o n ,  a f t e r  
e s t a b l i s h i n g  what is  f e a s i b l e .  I shall o u t l i n e  a  u n i f i e d  i n t e r p r e t a t i o n  of 
survey r e l a t i o n a l  d a t a .  
Re la t iona l  I s sues :  Macro and Micro 
A new s e t  of t h e o r e t i c a l  i s s u e s  is r a i s e d  by cons ide r ing  aggregated 
s o c i a l  t i e s  i n  l a r g e  populat ions .  David Morgan and I, wh i l e  cons ide r ing  
t h e  a p p l i c a t i o n  of Cranove t t e r ' s  method, came a c r o s s  a  s e t  of a r i t h m e t i c a l  
r e l a t i o n s  between t h e  t y p i c a l  amount of c o n t a c t  enjoyed by a  group member, 
t h e  r e l a t i v e  s i z e  of t h e  group, and t h e  deg ree  of s eg rega t ion  of t i e s  (Ry- 
t i n a  and Morgan, 1977b ) .  The seg rega t ion  might r e f l e c t  a  p ropens i ty  
of t h e  g roup ' s  members t o  s e l e c t  each o t h e r  over  o t h e r s ,  o r  t h e  unwil l ing-  
n e s s  of o t h e r s  t o  a s s o c i a t e  w i th  members of t h e  group. Examples of out-  
numbered groups whose members probably d i r e c t  t h e  bulk  of t h e i r  t i e s  in- 
ward t o  t h e  group range from power e l i t e s  t o  ghe t to i zed ,  oppressed e t h n i c  
populat ions .  Morgan and I found that such groups were o b j e c t i v e l y  l i k e l y  
t o  be  immersed i n  a  s e a  of non-members, even wh i l e  t h e  d e n s i t y  w i t h i n  t h e i r  
own group wss s u b s t a n t i a l l y  higher  than t h e  d e n s i t y  i n  t h e  surrounding 
world. 
Blau (1977a, b) p r e s e n t s  a  s i m i l a r  argument and extends  we l l  beyond i t  
t o  o u t l i n e  what he c a l l s  a  p r i m i t i v e  theory of s o c i a l  s t r u c t u r e .  Blau pro- 
v i d e s  a  new agenda f o r  t h e  i n v e s t i g a t i o n  of s o c i a l  s t r u c t u r e  based, i n  p a r t ,  
on t h e  eva lua t ion  of t h e  q u a n t i t y  of s o c i a l  c o n t a c t s  w i th in  and between 
d i f f e r e n t  s o c i a l  c a t e g o r i e s .  Blsu does  n o t  commit himself t o  an  o p e r a t i o n a l  
i n t e r p r e t a t i o n ,  but  h i s  a n a l y s i s  is unchanged by s u b s t i t u t i o n  of t h e  w i t h i n  
and between group d e n s i t i e s  t h a t  Granove t t e r ' s  methodology has  suggested.  
When t h e s e  n o t i o n s  a r e  c a r r i e d  over  t o  t h e  i n d i v i d u a l s  tkt make up 
groups, a  whole new l i n e  of i n t e r p r e t a t i o n  opens up. J u s t  a s  groups could 
d i s p l a y  v a r i a b l e  deg rees  of ne t t edness ,  i n d i v i d u a l s  could be  connected t o  
groups i n  varying degree .  Th i s  l e a d s  t o  a  r econs ide ra t ion  of t h e  way mem- 
be r sh ip  i n  c o l l e c t i v i t i e s  is t y p i c a l l y  measured. 
. I t  is ve ry  common in survey r e s e a r c h  t o  measure group membership by 
determining respondents '  c a t e g o r i c a l  a t t r i b u t e s .  Some of t h e  a t t r i b u t e s  
employed this way- among t h e  most common measures o f  survey r e s e a r c h ,  t h e  
demographics. An example of a  demographic a t t r i b u t e  t h a t  is o f t e n  thought 
of a s  an  index of group membership is race .  Fu r the r  examples i nc lude  income. 
occupat ion,  and educa t ion ,  which a r e  o f t e n  employed a s  i n d i c a t o r s  o f  s o c i a l  
c l a s s .  (Since  t h e  advent  o f  t h e  Blau-Duncan (1967) paradigm, s o c i o l o g i s t s  
have been more s e n s i t i v e  about  app ly ing  t h e s e  cont inuous  a t t r i b u t e s  a s  mea- 
s u r e s  o f  membership i n  d i scon t inuous  s o c i a l  groupings ,  but  such usage s t i l l  
p e r s i s t s . )  More obvious  examples i nc lude  a r e a  o f  r e s i d e n c e ,  which is in-  
dexed by addres s ,  and e t h n i c i t y ,  indexed by t h e  b i r t h p l a c e s  of a n c e s t o r s ;  
a l l  of t h e s e  examples a r e  a t t r i b u t e s  that a r e  used a s  measures of t h e  s o c i a l  
c a t e g o r i e s  t o  which people  belong. 
. No one needs t o  be  t o l d  that t h e s e  measures o f t e n  ( s t a t i s t i c a l l y )  ex- 
p l a i n  more about  o t h e r  v a r i a b l e s  t han  anything e l s e  a v a i l a b l e .  That is one 
reason why everyone who works wi th  survey d a t a  i s  t o l d  sooner o r  l a t e r  t h a t  
t hey  should "control"  f o r  t h e  demographics. Whatever e l s e  can be s a i d  about  
t h e s e  measures, they work. The re fo re  they dese rve  t o  be thought of s e r i o u s l y .  
Sometimes t h e s e  a t t r i b u t e s  a c t u a l l y  r e f e r  t o  p r o p e r t i e s  of t h e  ind iv id -  
u a l s  i n  i s o l a t i o n  from t h e i r  s o c i a l  s e t t i n g .  There  a r e ,  f o r  example, t hose  
who b e l i e v e  t h a t  men and women d i f f e r  i n  t h e i r  hormonal makeup and t h e r e f o r e  
i n  t h e i r  i n n a t e  tendency toward aggres s ion  (Goldberg.1973). I n  a  s tudy  of 
a t t i t u d e s  toward ag res s ion ,  men and women might be s t a t i s t i c a l l y  d i s t i n g -  
u ished i n  an  a t t empt  t o  c o n t r o l  f o r  t h e  e f f e c t s  of i n d i v i d u a l  b iology.  For- 
t u n a t e l y ,  b i o l o g i c a l  determinism i s  no t  t h e  on ly  r a t i o n a l e  f o r  i n t e r p r e t i n g  
group d i f f e r e n c e s .  
The more c o m n  view i n  soc io logy  i s  t h a t  many c a t e g o r i c a l  a t t r i b u t e s  
a r e  measures of membership in s o c i a l  groups. To be b l ack ,  f o r  example, is 
t o  have most ly  o t h e r  b l acks  a s  f r i e n d s  and r e l a t i v e s ,  probably t o  r e s i d e  i n  
a  mostly black r e s i d e n t i a l  area;and t o  p a r t i c i p a t e  i n  most ly  b l ack  a s soc i -  
' t i o n s .  There a r e o t h e r  imp l i ca t ions  of membership i n  t h i s  group. As an 
oppressed group, t h e  s o c i a l  t i e s  of its members t o  members of t h e  dominant 
r a c i a l  group a r e  o f t e n  t i e s  of subord ina t ion .  The meaning and impact of 
group membership i s  t h e  r e s u l t  of t h e  s o c i a 1 , r e l a t i o n s  t h a t  t y p i f y  member- 
sh ip :  both  t h e  r e l a t i o n s  t o  o t h e r  group members, and t h e  r e l a t i o n s  wi th  
members o f  o t h e r  groups. 
Both concerns  a r e  combined when t h e  a l l o c a t i b n  of s o c i a l  r e l a t i o n s  is 
considered.  An i n d i v i d u a l ' s  r e l a t i o n a l  l i f e  may 'in' varying degree#,be-conta ined 
wi th in  t h e  boundar ies  of a  group. Th i s  g i v e s  r i s e  t o  a  v a r i a b l e  concept ion 
o f  group membership: t h e  e x t e n t  t o  which t h e  i n d i v i d u a l  i s  embedded wi th in  
t h e  group. I n d i v i d u a l s  a r e  more embedded when more of t h e i r  t i e s  a r e  t o  
group members. For example, a  c o n c r e t e  b l ack  i n d i v i d u a l  i s  more embedded 
i n  t h e  ca t egory  o f  Afro-Americans t o  t h e  e x t e n t  t h a t  more o f  , h i s l h e r .  
t i e s  a r e  w i th  o t h e r  b l acks ,  and t o  t h e  e x t e n t  t h a t  fewer of h i s l h e r  t i e s  a r e  
t o  non-blacks. 
Th i s  no t ion  - degree  of embeddedness - c o n t r a s t s  w i th  t h e  idea  of 
s t r u c t u r a l  equivalence t h a t  i s  a  c e n t r a l  f e a t u r e  of t h e  w r k  of White and 
h i s  co-workers (Lorain and White , l971 ). Our concern is t h e  deg ree  t o  
which c a t e g o r i e s  de f ined  by t h e  posses s ion  of a t t r i b u t e s  a c t  a s  soc iome t r i c  
a t t r a c t o r s  t o  t h e i r  members,and not  w i t h . t h e  e x t e n t  t o  which ca t egory  mem- 
be r s  d i s p l a y  s i m i l a r  p a t t e r n s  of r e l a t i o n s h i p s .  
White ' s  no t ion  is deeper  bb t  r e q u i r e s  more e l aborace  d a t a ,  more e la-  
b o r a t e  methods, and is no t  obviously  s u i t a b l e  f o r  sample s u r v e y ~ b p p l i c a t i o n  
(White, e t .  a l . . 1976 ;  Boorman.and White.1976). Some:parallels.are.prese.nt, 
and they mer i t -d i scuss ion .  
Croup membership, o r  shared i d e n t i t y ,  could a r i s e  from two p rocesses ;  
one p rocess  is f r equen t  con tac t  w i th  s i m i l a r  o t h e r s ,  and t h e  o t h e r  p roces s  
is s i m i l a r  r e a c t i o n s  from d i s s i m a a r  o t h e r s .  These may be i l l u s t r a t e d  wi th  
t h e  example o f  sex. Eemales a r e  n o t  s t r i k i n g l y  
segregated from males  i n  American s o c i e t y .  Typ ica l  p a t t e r n s  of c o n t a c t  
' 
probably r e f l e c t  t h e  b i o l o g i c a l  s ex  r a t i o  o f  (approximately) one t o  one; t ha f  
is ,  most people ,  male and female, probably know and a s s o c i a t e  w i th  males 
about  a s  much a s  females. 
S p e c i a l i z a t i o n  o f  c e r t a i n  types  o f  r e l a t i o n s  i s  undoubtedly p re sen t .  
For example, most people  have most of t h e i r  phys i ca l  sex wi th  members of t h e  
o p p o s i t e  sex.  I n  c o n t r a s t , ' c e r t a i n  kinds  of conve r sa t ions  (or  more a b s t r a c t -  
l y  - ' s o c i a l  exchanges) a r e  conf ined wi th in  sex groups. Expec ta t ions  about  
t h e  "appropr ia te"  a l l o c a t i o n  o f  s o c i a l  r e l a t i o n s  between same sex and oppo- 
s i t e  s ex  p a i r i n g s  comprise  t h e  sex  r o l e  s t r u c t u r e  of t h e  s o c i e t y .  
The impact of expec ta t ions  can extend i n t o  c o n c r e t e  p a t t e r n s  of re-  
l a t i o n s .  Kanter (1977) has  desc r ibed  in d e t a i l  how females  i n  most ly  male 
occupa t iona l  s e t t i n g s  a r e  a f f e c t e d  by t h e  predominant s exua l  expec ta t ions  
of t h e  l a r g e r  s o c i e t y .  Females i n  such s e t t i n g s  may have p a t t e r n s  of con- 
t a c t  w i th  males t h a t  a r e  s u p e r f i c i a l l y  s i m i l a r  t o  male p a t t e r n s  of c o n t a c t ,  
but  t h e  c o n t e n t s  of t h e  c o n t a c t s  a r e  s u b s t a n t i a l l y  d i f f e r e n t .  
The sexua l  i d e n t i t i e s  o f  such women a r e  no t  simply a  r e s u l t  o f  t h e i r  
p a t t e r n s  of c o n t a c t  but  a l s o  of t h e  ways those  c o n t a c t s  r e a c t  t o  them. The 
i d e n t i t i e s  a r e  formed no t  by a  s h a r i n g  of exper ience i n  c o n t a c t s  w i th  each o t h e r ,  
but  through a  shared exper ience imposed by t h e  " typ ica l "  male response.  
I n  White ' s  terms,  wmen i n  such s e t t i n g s  enjoy (or  s u f f e r  from) s t r u c -  
t u r a l  equivalence.  We have used t h e  term " s t r u c t u r a l  equivalence"  more in -  
fo r l l a l l y  than White has ,  so  t h a t  we may d i s t i n g u i s h  t h e  p re sen t  approach 
from h i s .  
White would have u s  sea rch  through , the  p a t t e r n i n g  of m u l t i p l e  r e l a t i o n s  
t o  uncover pe rsons  o r  s o c i a l  p o s i t i o n s  with s i m i l a r  p a t t e r n s .  Such p a t t e r n s  
could be r e l a t e d  t o  a t t r i b u t e s .  To t h e  e x t e n t  t h a t  t h e  possess ion  of an 
a t t r i b u t e  - r a c e  and sex being prime examples - imposes l i m i t a t i o n s  on t h a t  
p a t t e r n i n g .  t h e r e  e x i s t s  a  r a c i a l  o r  sexua l  r o l e  s t r u c t u r e  t h a t  imposes ex- 
p e r i e n c e s  on c e r t a i n  c a t e g o r i e s  of people. Even i f  t h e  people were not  aware 
of t h e i r  s t r u c t u r a l  equivalence.  and even if t h e y  were no t  i n  c o n t a c t  t o  de- 
ve lop  shared unders tand ings  of t h e i r  experiences.  t h e  s i m i l a r i t y  of t h e i r  
c o n d i t i o n  would c a u s e  many s i m i l a r i t i e s  i n  behav ior ,  ideology,  and s o  f o r t h .  
The p r e s e n t  approach goes a f t e r  something s imple r  and more opera t iona l -  
l y  a c c e s s i b l e .  A t t e n t i o n  is d i r e c t e d  away from m u l t i p l e  r e l a t i o n s  t o  more 
g r o s s l y  s p e c i f i e d  t i e s  of s o c i a t i o n  such a s  acqua in tance  and f r i endsh ip .  The 
i s s u e  is  t h e  a l l o c a t i o n  of such t i e s  of  s o c i a t i o n  w i t h i n  and between d i f f e r -  
e n t  nominal c a t e g o r i e s .  The concen t ra t ion  o t d i i p e r s i o n o f  such t i e s  is a 
2 .  
fundamental p r o p e r t y  o f  such c a t e g o r i e s  a s  s o c i a l  e n t i t i e s .  . .  . 
Of c o u r s e ,  some t h i n g s  . a r e  . . los t  by t h i s  
s i m p l i f i c a t i o n .  The deeper  s t r u c t u r e  of  s o c i a l  networks a s  p a t t e r n i n g s  
of  r e l a t i o n s h i p s  - n o t  j u s t  around ego, b u t  beyond in to '  i h e  s o c i a l  d i s -  
t a n c e  - is  t h e  f i r s t  c a s u a l t y .  A c l o s e l y  r e l a t e d  conven t iona l  no t ion ,  
t h a t  group i d e n t i t y  is t h e  product  of  t h e  r e a c t i o n s  of  o t h e r s  and n o t  of 
i n t e r a c t i o n s  among group members, i s  a l s o  g iva  s h o r t  s h r i f t .  But some- 
t h i n g  is gained.  These methods can be  e a s i l y  a p p l i e d  by r e s e a r c h e r s  
versed i n  c u r r e n t  survey technology. 
Even though the  degree of  embededness is l e s s  deep than t h e  pa t t e rn ing  
of  r e l a t i o n s  sought by k 'hi te ,  i t  s t i l l  encompasses an i n t e r e s c i n p  range of 
p o s s i b i l i t i e s .  People may be embedded i n  the  groups t o  which t h e i r  nominal 
a t t r i b u t e s  a s s i g n  them, bu t  they need not  be. I n  t h e  r e l a t i o n a l  sense,  they 
may be embedded i n  a o  groups o r  equa l ly  i n  many groups. These p o s s i b i l i t i e s  
-.. - -  - .  
a r i s e  when membership is  t r e a t e d  a s  a  v a r i a b l e  mat te r  of  degree. 
The c a t e g o r i c a l  composition of  s o c i a l  t i e s  is a genera l .  i f  clumsy. 
express ion  t h a t  encompasses t h i s  r ange  of  p o s s i b i l i t i e s .  From t h e  s tand-  
p o i n t  of  an i n d i v i d u a l .  t h e  world is d iv ided  i n t o  s o c i a l ~ c a ~ e g o r i e s .  ~ d r  
a g iven  t r p e  of t i e ,  the.numbers of t P s t o e a c h  of  t h o s e . c a t e g o r i e s  is t h e  
c a t e g o r i c a l  composition. A b s t r a c t l y ,  t h e  c a t e g o r i c a l  composi t ion is a 
vec to r .  For a  given i n d i v i d u a l ,  type  of  t i e ,  and ca tegory  s e t .  t h e  vec- 
t o r  has  an e n t r y  f o r  each ca tegory  in t h e  s e t .  The magnitude of  each en- 
t r y  i s  t h e  number of  t i e s  ' t h e  i n d i v i d u a l  has  t o  members of t h a t  category.  
The v a r i a b l e  d e g r e e  of membership in a c a t e g o r i c a l  group is  indexed 
i 
b y  t h e  v e c t o r  e n t r y  t h a t  r e f e r s  t o  t h e  group. For example. t o  examine 
membership i n  t h e  ca tegory  'b lack ' ,  one looks a t  t h e  number of t i e s  t o  
I ' b l acks ' .  The vec to r  e n t r y  may be manipulated i n  a  number of ways. 
I t  might be be divided by t h e  s i z e  of  t h e  t a r g e t  group 
t o  index t h e  improbab i l i ty  of knowing t h a t  many group members. O r  
I 
1 i t  might be compared t o  t h e  sum of t h e  t i e s  t o  o t h e r  g r o u p s . t o  determine 
t h e  p ropor t ion  of t i e s  contained wi th in  t h e  nominal group. I n  e i t h e r  case .  
i 
t h e  problem o f  membership c e n t e r s  a t t e n t i o n  on t h e  s i n g l e  e n t r y  correspond- 
i n g  t o  a  s i n g l e  group,  and throws avay much of  t h e . o t h e r  information i n  
I t h e  v e c t o r  t h a t  r e f e r s  t o  o t h e r  groups. 
I 
! One u s e  of  t h e  in format ion  i n  t h e  complete  v e c t o r  is t o  c a l c u l a t e  
t h e  w i t h i n  and between group d e n s i t i e s ,  whose t h e o r e t i c a l  importance was 
mentioned above. The w i t h i n  group d e n s i t y  focuses  on t h e  same v e c t o r  en- 
t r y  t h a t  indexes  membershlp. Summing t h a t  e n t r y  a c r o s s  a l l  members of t h e  
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group g i v e s  t h e  t o t a l  number of t i e s  betwe,en group members. ( I f  t h e  t i e  
i s  synmet r ic ,  then every i n s t a n c e  has  been double-counted, and t h e  sum 
should  be halved.) Densi ty i s  simply t h i s  sum d iv ided  by t h e  p o s s i b i l i -  
t i e s ,  o r  N(N-1) where N is t h e  s i z e  o f  t h e  group. Between group d e n s i t i e s  
a r e  c a l c u l a t e d  i n  an analogous way, summing'all t h e  t i e s  from group A t o  
group 0 ,  and then d i ~ i d i h 7 . b ~  NaNb. t h e  product  of  . t h e  group sizes . '  
These two uses  of c a t e g o r i c a l  compositions suggest  t h a t  i n t e r p r e t a t i o n s  
a t  both t h e  ind iv idua l  and t h e  aggrega te  l e v e l  w i l l  be s imultaneouily 
a v a i l a b l e  1 n . a  survey a p p l i c a t i o n .  The ind iv idua l  c a t e g o r i c a l  composition 
is  a measure of attachment t o  groups. With a  sample of such observa t ions ,  
t h e  impact of attachment could be analysed.  A t  t he  same time, wi th  t h e  
same d a t a ,  the  d e n s i t i e s  of i n t e r  and i n t r a  group c o n t a c t s  could be est imated.  
These d e n s i t i e s  have t h e  macro i n t e r p r e t a t i o n s  suggested by Rytina and Morgan 
and by Blau. The d e n s i t i e s  can be est imated from a sample becuase a  d e n s i t y  
i s  a  s o r t  of average,  over  p a i r s  of persons r a t h e r  than persons a s  i n d i v i d u a l s ,  
and. l i k e  any populat ion average,  a  d e n s i t y  can be est imated by the mean 
of t h e  sample observa t ions .  In  p r a c t i s e ,  a  survey methodology f o r  the  es t imat ion  
of c a t e g o r i c a l  compositions w i l l  s e rve  double du ty ,  s i n c e  t h e  survey d a t a  
may be used t o  e s t i m a t e  group l e v e l  and i n d i v i d u a l l e v e l  parameter9 a t  the  
I n  t h i s  sec t ion .  two methods f o r  assessing ca tegor ica l  compositions 
, w i l l  be compared: t h e  method of d i r e c t  quest ions,  and the  method of ran- 
dom subgraph samples. Each method s h a l l  be defined in a moment. They w i l l  
I be compared. i n  terms of c o s t s ,  r e l i a b i l i t y ,  and a p p l i c a b i l i t y .  Costs 
; a r e  conceived a s  an increasing funct ion of t h e  number of quest ions asked 
and of sample s i ze .  R e l i a b i l i t y  w i l l  be invest igated with models of sam- 
I 
pling e r r o r ,  which w i l l  themselves have implicat ions f o r  sample s i z e  and 
I the re fore  cos t s .  Appl icab i l i ty  w i l l  be considered more informally i n  
terms of the types of ca tegor ies ,  t i e s ,  and populat ions where each method 
I seems most s u i t a b l e .  
Because the methods a r e  q u i t e  d i f f e r e n t ,  they lead to  d i f f e r e n t  prob- 
I lems. That w i l l  make it hard to  d i scuss  them i n  p a r a l l e l .  To make the  
i s sues  a s  c l e a r  a s  possible ,  the  presentat ion w l l l  open with sampling w d -  
e l s ,  where d i r e c t  comparisons a r e  easy. This w i l l  r e q u i r e  the adoption 
of c e r t a i n  qual i fying assumptions. In  p a r t i c u l a r ,  I s h a l l  assume, except 
when otherwise noted, t h a t  the  t i e  i n  quest ion i s  acquaintance. And I 
s h a l l  a l s o  assume t h a t  respondents a r e  a b l e  t o  answer, without e r r o r ,  any 
quest ion t h a t  might be asked. This  l a t t e r  assumption obviouslv con- 
' 
t r a r y  t o  f a c t .  After  the  sampling models a r e  presented, I s h a l l  c l a r i f y  
the  implicat ions of re lax ing  t h i s  assumption. 
The most s t raightforward approach t o  the  measurement of ca tegor ica l  
same time. The twin uses  of these  measures w i l l  be a  recur ren t  theme i n  the  / compositions i s  t h e  d i r e c t  quest ion method. A sample is drawn and ench 
next s e c t i o n .  where two methods of measurement a r e  compared. I ' respondent asked: "To how many members of categ0ry.X do you have t i e  Y?" 
I Each respondent would need to  answer C q  quest ions where C i s  the  number 
of ca tegor ies  and T i s  t h e  number of types of t i e s .  
Three drawbacks to  t h i s  approach a r e  r e a d i l y  apparent. F i r s t ,  the  
, ..- ( ca tegor ies  employed must be s a l i e n t  and consensually understood by a11 re- 
spondents .31herefore one could n o t  make u s e  of s o c i o l o g i c a l  construc-  
t i o n s  l i k e  t h e  Duncan SEI bu t  w u l d  have t o  l i m i t  onese l f  . t o  c a t e g o r i e s  
i n  common usage among respondents .  Second.one would have t o  p r e - s e l e c t  
c a t e g o r i e s  when c o n s t r u c t i n g  ' t h e  q u e s t i o n n a i r e ,  r a t h e r  than c l a s s i f y i n g  
c h o i c e s  a f t e r  t h e  d a t a  was c o l l e c t e d .  Th i rd ,  t h e r e  i s  no obvious way of 
knoving how a c c u r a t e  peop le ' s  c h o i c e s  w i l l  be. 
An a l t e r n a t i v e  method, randomly sampled subgraphs,  was presented by 
Cranove t te r  (1976). Granove t te r  intended h i s  t echn ique  f o r  inves t iga -  
t i o n s  of  d e n s i t y  of acqua in tance  i n  s i n g l e  popula t ions .  bu t  in p r i n c i p l e .  
t h e  method could be app l ied  t o  any t y p e  of t i e  and t o  subgroups w i t h i n  
p o p u l a t i o n s  ( s e e  Cranovet ter .  1977). As was noted above, t h e  determina- 
t i o n  of d e n s i t y  v a l u e s  and of  c a t e g o r i c a l  composi t ions is  much t h e  same 
problem. 
To employ Granove t te r r . s  technique.  t h e  surveyor begins by drawing a  
sample of  names. I n  a d d i t i o n ,  i t  vould probably b e  u s e f u l  t o  have p ic -  
t u r e s  t o  go wi th  each name. s i n c e  a  name l i k e  "John Smith" does n o t  iden- 
t i f y  s unique ind iv idua l .  Each member of t h e  sample is then asked about  
every o t h e r  member of  t h e  sample.Cranovet ter  i m p l i c i t l y  l imi ted  ques t ion ing  
t o  t h e  presence o k a b s e n c e  of acquaintance.  But t h e r e  is no reascn (except 
i n t e r v i e w  time.But s e e  below f o r  t h e  probable r a r i t y  of claimed t i e s . )  
not  t o  employ follow up ques t ions  t o  determine t h e  s t r e n g t h  and content  
of claimed t i e s .  In  e f f e c t ,  t h e  surveyor can o b t a i n  complete information 
on a  sampled subgraph of the  popula t ion  graph. Using t h e  t o o l s  of s t a t i s t i c a l  
i n f e r e n c e ,  hypotheses could be eva lua ted  f o r  t h e  populat ion graph (o r  netwbrk) 
I from which the  sample was drawn. 
A t  f i r s t  s i g h t ,  ibis method is very a t t r a c t i v e .  Since it requ i res  an 
i n t e r v i e w  with each member of t h e  l i s t  of poss ib le  cho ices ,  which i s  a l s o  
t h e  sample, one could e a s i l y  and convenient ly o b t a i n  information about each 
respondent 's  t i e  o b j e c t s .  One would then know, f o r  the  sampled p a i r s ,  
how a n y  doc tors  had a  t i e  t o  how many lawyers, o r  how many people 
# 
? . . 
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I with SEIs above 70 have a  given r e l a t i o n  with o ther  sample members 
having SEIs of l e s s  than 70. More general ly,  one could c a l c u l a t e  an e s t i -  
/ mate f o r  the  dens i ty  of t i e s  within and between any ca tegor ies  t h a t  might 
be used to  c l a s s i f y  members of the  sample. The p r a c t i c a l  quest ion is t h e  
sample s i z e  necessary f o r  s t a t i s t i c a l  inference.  
To d i scuss  i s sues  of sample s i z e  and inference,  a  s t a t i s t i c a l  model 
/ i s  needed. I w i l l  begin with a  s impl i f i ed  s i t u a t i o n  considered by Grano- 
I v e t t e r .  Only a  s i n g l e  population, not subdivided i n t o  ca tegor ies ,  is as- . 1 sumed. I t  is a l s o  assumed, a s  mentioned above, t h a t  the  t i e  is acquain- 
I 
I tance and t h a t  respondents give accura te  answers. Under these  assumptions, 
the  obsenred dens i ty  i n  the subgraph is an unbiased est imator  of t h e  den- 
s i t y  i n  the  population (Granovetter, 
The q u a l i t y  of the  est imate depends on the  sampling variance of the  
est imator .  Cranovetter presented an expression f o r  t h i s  variance:  
which he obtained from frank (1971). [The no ta t ion  i s  Frank's. and I 
, s h a l l  follow i t  throughout.] N is the  s i z e  of t h e  population; n  is the  
I 
s i z e  of the  sample; s2(a)  i s  t h e  variance of t h e  number of t i e s  t h a t  each 
, person has t o  the  o ther  members of t h e  populat ion;  and s2(c )  is t h e  va r i -  
I ance of t i e s  i n  t h e  graph. Since a  t i e  i s  e i t h e r  present  o r  absent ,  s L ( c )  
I is a bindmial variance and could be wr i t t en  F(1-F) where 7 is variously 
t h e  dens i ty ,  t h e  chance t h a t  a  given randomly se lec ted  person. has a  t i e  to  
' a given o ther  randomly se lec ted  person, o r  any appropriately calculated 
average of t h e  numbers of t i e s  i n  t h e  population. 
Although t h i s  expression is exact ,  i t  is not  very i n t u i t i v e .  Frank's I 
I 
der iva t ion  is q u i t e  complex and is based on t h e  considerat ion of 1 5  con t r i -  
buting p o s s i b i l i t i e s .  Neither t h e  expression norCits  de r iva t ion  make c l e a r  
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the con t r ibu t ion  of the  individual  l e v e l  measurements (which a r e  our re la -  
t i o n a l  measures) t o  the  t o t a l  var iance.  The expression i s  not well  su i t ed  
f o r  considerat ion of disaggregat ion to  the  individual  l e v e l  measurements, 
o r  f o r  considerat ions of reaggregation to  t h e  group l e v e l  averages. There- 
fo re  I s h a l l  consider an a l t e r n a t i v e  l a r g e  sample de r iva t ion  that is bet- 
t e r  su i t ed  f o r  the  i s s u e s  a t  hand. (For f u l l  d e t a i l s  of the  de r iva t ion ,  
see  Appendix. ) 
A t  the  individual  l e v e l ,  subaraph sampling can be modeled a s  a Ber- 
n o u l l i  o r  coin-toss experiment. Imagine t h a t  some person, i, has Ti t i e s  
to  other  members of the  population. The chance t h a t  they have a  t i e  to  
any randomly chosen individual  is T / N ,   which"^ s h a l l  c a l l  Pi. Since each 
i 
sampled individual  i s  presented with n-1 randomly chosen persons, the  ob- 
served number of t i e s  is d i s t r i b u t e d  a s  a  binomial with p robab i l i ty  Pi and 
n-1 t r i a l s .  Therefore, the  ind iv idua l  l e v e l  observations have expected 
value (n-l)Pi and variance (n-l)Pi(l-Pi). 
4  
Frank and Cranovetter were concerned with est imating the  t o t a l  num- 
ber of t i e s ,  and the  dens i ty ,  r espec t ive ly .  (Recall t h a t  these a r e  simple 
t ransformations of each o ther  when population s i z e  i s  known.) To ob ta in  
the t o t a l  number of observed t i e s ,  we must add.,up a l l  t h e  individual  l e v e l  
observat ions.  The variance of t h i s  sum is the  des i red  sampling variance. 
To make our r e s u l t s  comparable to  Granovet ter 's ,  we assume one-way obser- 
vat ion and symmetry. That is, we observe each t i e  from only one end, so 
t h a t  i f  we ask Smith i f  he is t i ed  t o  Jones,  we do not a l s o  ask  Jones i f  
she i s  t i e d  to  Smith.' When we take  the  variahce of the  dens i ty  estima- 
ties Observed we f ind t h a t  i t  approximately equals: 
(-number of observat ions) '  
2  
4 ~ ~ ( a ) / n ~ ~  + 2s2(c)/n2.  The no ta t ion  is a s  before where s  (a) i s  the  
variance of the  Ti, and s2(c )  i s  P(1-F), and P is the  average value of Pi 
f o r  the population. This expression, suitab1,y enough, is the  variance ex- 
pression t h a t  Cranovet ter  obtained from Frank, except t h a t  N has  been sub- 
s t i t u t e d  f o r  N-1. N-n-1, e tc . ,  and n has been s u b s t i t u t e d  f o r  n-1, n-2. 
e tc .  I t  is t h e  l a r g e  populat ion r e s u l t .  
Not only is t h i s  expression l e s s  cumbersome than the  Frank/Cranovetter 
expression,  i t  a l s o  enab les  us t o  decompose the  e r r o r  i n t o  two components. The 
2 2 
f i r s t  component. 4s  (a)/nN , is t h e  sampling var iance  t h a t  ~ u l d  r e s u l t  i f  each 
person 's  Ti were measured exac t ly ,  ins tead  of est imated from a sample of poss ib le  
2 
t i e  o the rs .  Recal l  t h a t  s  ( a )  is t h e  populat ion var iance  .of t h e  Ti. Ti/N is the  
2 2 
ind iv idua l s  Pi. So s  (a)/N is the  populat ion var iance  of the  P i .The sampling variance 
2 2 
f o r . a n  es t imate  of the  mean P based on n observat ions i s  s  (a)/nN . The ' 4 '  
i 
i n  the  numerator r e s u l t s  from t h e  symmetry of t i e s .  For syunnetrical t i e s ,  t h e  
- 
dens i ty  es t imate  is 5 1  (N(N-1)/2) o r ,  i n l a r g e  populat ions.  T/ (N/2). The 
' 4 '  comes from squaring the  denominator, 1/(N/2). For a  sample of s i z e  n. the  
f i r s t  component is the  va r iance  of t h e  d e n s i t y  es t imate  with e r r o r  f r e e  measurement 
of the T f o r  a l l  members of t h e  sample. 
i 
The second component, 2s2(c ) /n2 ,  is t h e  sum of t h e  measurement er-  
r o r s  f o r  each i n d i v i d u a l ' s  Ti. Each of t h e  measurements, a s  was pointed 
ou t ,  is a Bernoull i .  There a r e  n respondents, each asked about n/2 t i e s .  
The var iance  of t h e  est imated p r o b a b i l i t y  of a  t i e  is F(1-T), f o r  a  given 
observat ion.  With n(n/2)  observat ions,  t h e  va r iance  is P ( l - F ) / n ( n / ~ )  o r  
2 2s2(c ) /n2 ,  where we r e c a l l  t h a t  F(1-7) is s (C). The only s u r p r i s e  is 
t h a t  i n  t h e  aggregate  we may rep lace  t h e  Pi that govern t h e  a c t u a l  obser- 
va t ion  with F which governs t h e  average observat ion.  
This  decomposition of the  sources of measurement e r r o r  f o r  t h e  ran- 
dom subgraph procedure has important implicat ions f o r  eva lua t ing  t h e  
u t i l i t y  of t h e  method. The f i r s t  component is unavoidable with any 
method of es t imat ing  o r  measuring ind iv idua l s '  T i s  I t  r e p r e s e n t s  a  com- 
monplace of sampling: t h a t  the  variance of an est imator  i s  an increasing 
function of the  population variance and a decreasing funct ion of the  sam- 
p le  s i ze .  But che second component a r i s e s  when we sum up the  measurement 
e r r o r  t h a t  occurs a t  t h e  ind iv idua l  l eve l .  It i s  unique t o  t h e  random 
subgraph procedure. With t h i s  procedure, the  value(s)  derived from a 
s i n g l e  interview a r e  est imates  themselves. 
When we compare the random subgraph procedure to  any o ther  proce- 
dure,  we may do so i n  terms of the  e r r o r  tha t  occurs  a t  the  point of in- I 
terview. Any method t h a t  g e t s  b e t t e r  est imates  of the  individual  Tis w i l l ,  
when averaged over t h e  sample, r e s u l t  i n  lower variance dens i ty  est imators .  
From our model of the  random subgraph procedure, we have an a n a l y t i c  fom-  
u la t ion  of the  individual  l e v e l  measurement variances;  these variances a r e  
the variances associated with the  coin f l i p s  or 'binomial  experiments. 6 
I t  i s  now poss ib le  t o  t r a n s l a t e  these  r e s u l t s  i n t o  examples t o  see  
the  p r a c t i c a l  implicat ions.  To do t h i s ,  I need severa l  assumptions. 
F i r s t ,  I w i l l  consider th ree  imaginary populations: c i t i e s  of 10,000, 
100,000, and 7,000,000. Next, assumptions must be made about t h e  average 
number of acquaintance t i e s .  Following Granovet ter 's  lead.  I s h a l l  assume 1 
t h a t  100 i s  a reasonable lower bound, and t h a t  1,000 i s  a reasonable upper 
bound. F ina l ly ,  I s h a l l  f i x  n a t  500 and n/2 a t  250. The l a t t e r  number 
i s  suggested by Granovetter a s  a reasonable upper bound fo r  the  number of 1 
t i e  o b j e c t s  a respondent w i l l  t o l e r a t e  being asked about. '  ! 
In  Table l., we list the  r e s u l t s  of i n t e r e s t  f o r  subgraph sampling. 
Across the  top we have the  a n a l y t i c  formulas, while each row corresponds 
to  a d i f f e r e n t  s i z e  of c i t y .  The parenthesized r e s u l t s  a r e  based on t h e  
assumption t h a t  average number of t i e s  is 1.000. 
It is evident from t h e  t h i r d  column t h a t  est imates  of the  individ-  
ua l  l e v e l  P a r e  r e a l l y  q u i t e  good. But column four t e l l s  another s tory.  
i 
Estimates of Ti a r e  q u i t e  bad. This is because Ti = NPi, so t h a t  the  
variance of ti - ti2 (var  [Gi]). 
This r e s u l t  should not seem counte r in tu i t ive .  In  a l a r g e  c i t y ,  
even those with many acquaintances a r e  un l ike ly  to  know any randomly 
chosen o ther  person. That means t h a t  Pi w i l l  be a very small number. 
Column f i v e  shows t h a t  the  expected number of acquaintances i n  a reason- 
ab ly  long list is a l s o  q u i t e  small.  Since the  expected value of both 
numbers is very c l o s e  to  zero,  the  observed values w i l l  not wander very 
f a r  away. Hence, both w i l l  have very small var iances.  But i n  t h e  l a r g e  
c i t y ,  the  t i e  ob jec t s  offered t o  a sampled individual  a r e  a very small 
subset  of the t i e  o b j e c t s  a v a i l a b l e  i n  the  c i t y .  Accordingly, any ob- 
served t i e  s tands f o r  hundreds and even thousands of t i e s  not observed. 
We have already i m p l i c i t l y  compared the  random subgraph method t o  
the  d i r e c t  questioning method. I f  the  l a t t e r  r e s u l t s  i n  pe r fec t  measure- 
ment of Ti, then the  second component of (1) does not apply. In t h a t  
event, the  d i r e c t  questioning method is b e t t e r .  It is, i n  f a c t ,  much bet-  
t e r .  To show t h i s  we w i l l  r e l a x  t h e  assumption of no e r r o r  i n  measurement, 
whfle s t i l l  assuming per fec t  ve rac i ty  f o r  subgraph responses, and see  how 
much e r r o r  can be permitted d i r e c t  quest ioning before i t  becomes ' infet ior .  
Three f o m s  f o r  the  e r r o r ,  case i,ii, and iii i n  Table 2, w i l l  be examined. 
.......................... 
I n s e r t  Table 2 about here. .......................... 
Case i : .On the  gssumption tha t  the re  i s  no systematic  b i a s  i n  - 
answers, the  problem is q u i t e  s t raightforward.  For t h e  random subgraph 
.......................... 
I n s e r t  Table 1 about here: .......................... 
I procedure, Table 1 gives the  individual  l e v e l  variances.  Direct  questioning 
I is b e t t e r  whenever the  e r r o r  variance t h a t  i s  associated is l e s s  than the  
, . 
r e s u l t s  i n  column four  of Table 1. 
.......................... 
I n s e r t  Table 3 about here. .......................... 
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It i s  easy to  see  t h a t  t h i s  w i l l  almost always be the  case in l a r g e  ' Case ii: It is c e r t a i n l y  poss ib le  t h a t  people w l l l  g ive  systematic- I -
populations. Let us look c lose ly  a t  our imaginary c i t y  of 100,000. Taking 
the  square root  of the  values in column four ,  we f ind a standard dev ia t ion  
of 200 f o r  the  case  of Ti = 100, and one of 630 f o r  the  case  of 'Pi - 1,000. 
In  the  f i r s t  case,  we would do b e t t e r  i f  most respondents'  answers were 
within 200 of t h e  t r u e  value. In  the  second case,  most would need t o  be 
within 630 of the  t r u e  value. (This is a conservat ive way of put t ing i t .  
I f  most were more accura te  than + 630, a few could be way o f f .  But these  
ca lcu la t ions  a r e  intended to  be represen ta t ive .  More soph is t i ca ted  assump- 
t i o n s  about the  d i s t r i b u t i o n  of e r r o r  would allow f o r  more accura te  r e s u l t s . )  
Some conclusions a r e  now apparent. Under the  assumptions of 
case i, the  d i r e c t  questioning method becomes r e l a t i v e l y  superior  when the  I method would become important. With mul t ip le  observat ions t h e  "K"s do not  
i 
overage number of con tac t s  f a l l s  and when c i t y  s i z e  r i s e s .  .The assumptions 
a l l y  inaccurate  est imates .  So in t h i s  instance,  i t  is assumed t h a t  every 
respondent sys temat ica l ly  i n f l a t e s  o r  d e f l a t e s  h i s /he r  answer by a con- 
s t a n t  f a c t o r  of K. (The r e s u l t s  of t h i s  discussion would genera l ly  hold i f  
2 K were a random var iab le ,  except t h a t  E(e ) - E' + 0; would be s u b s t i t u t -  
i 
ed f o r  K'. I s h a l l  avoid such complications.) Now, i f  K were l e s s  than 
the  standard e r r o r  of the  individual  est imates  i n  Table 1. then even with 
i systematic  b ias ,  s p e c i f i c a l l y  i f  K~ < 02, we g e t  b e t t e r  est imates  with d i -  
r e c t  questioning. But t h e  same does not hold f o r  the aggregate est imates .  
A systematic b ias  w i l l  accumulate with repeated observat ions,  which 
means t h a t  t h e  unbiased property t h a t  we have allowed t h e  random subgraph 
f o r  t h i s  c i t y  of 100,000 were picked a s  represen ta t ive  of a turning point. '  
average out .  Therefore, the  K~ fac to r  reappears i n  its e n t i r e t y  i n  the  ex- 
2 
pression f o r  the  variance of t h e  aggregate est imate.  Unless t h e  K is l e s s  
For t i e s  with l e s s  than 100 average con tac t s ,  by t h i s  s i z e  c i t y ,  the  d i r e c t  1 than the  number i n  column four  divided by n, then i n  t h e  sense of expected 
questioning method is almost su re ly  : superior .  And even f o r  high frequency 
t i e s ,  t h i s  i s  approximately the  l a r g e s t  c i t y  where an a d v a n t a ~ e  f o r  the  
random subgraph method can be imapined. 
This comparison 'can be made somewhat more t ransparent  with t h e  help 
of Table 3. On t h i s  graph, Ti, t h e  number of t i e s  possessed by respondent ' 
i, is graphed aga ins t  the  standard dev ia t ion  of the  est imates  implied by 
the  random subgraph model. The t h r e e  curves represent  populations of s i z e s  
10,000, 100,000, and 7,000,000. The dot ted l i n e  de l imi t s  t h e  points  below 
0 
which the  standard dev ia t ion  is more than half  of the  quan t i ty  to  be est imat-  
ed. This (.somewhat, a r b i t r a r y ) ' r u l e  of thumb suggests when t h e  random sub- 
graph procedure i s  probably best  avoided. 
squared e r r o r , o n e  snould ge t  b e t t e r  aggregate est imates  from the  random sub- 
graph method. Only i n  very l a r g e  populations would t h i s  accumulated b ias  be 
outweighed by the  measurement e r r o r s  of t h e  random subgraph method. 
But t h i s  s u p e r i o r i t y  can be exaggerated. ~ o s t  o f ten ,  the  in te rp re -  
t a t i o n  of these  est imates  would be comparative, and not absolute;  t h a t  i s ,  
one wouldn't c a r e  what the ac tua l  density.:4s, but one would ca re  which of 
two c i t i e s ,  o r  subgroups,,,which of two,aggregates possesses the  g rea te r  o r  
o r  
l e s s e r  dens i ty .  These t e s t s  would usual ly take the  form of t - t e s t s  f o r  
two group comparison, or  more compli'cated analogs f o r  mul t ip le  compari- 
sons. And these  t e s t s  would be i n d i f f e r e n t  to  a constant  b ias .  I f  the  
b ias  i s  everywhere the  same, the  t e s t . r e s u l t s  would be exact ly t h e  same. 
But i f  we can d i scoun t  cons t an t  b i a s e s  i n  t h i s  f a sh ion ,  then t h e  d i r e c t  
ques t ion ing  method i s  supe r io r .  (A random b i a s  that was t h e  same f o r  d i f -  
f e r e n t  groups would reduce t h e  power of our  t e s t s .  For purposes of compar- 
i s o n s ,  a  random b i a s  is a  s p e c i a l  c a s e  of c a s e  i . )  
Case iii: Case iii is an  u n s p e c i f i c  r e p r e s e n t a t i o n  of t h e  wors t  
ca se .  The b i a s  could be  c o r r e l a t e d  i n  a  sys t ema t i c  way wi th  t h e  hypotheses 
under~inve$tigstion:'c~:l.ere t h e r e  may be no hope. Without i n t e l l i g e n t  pro- 
cedures  t o  minimize such p o s s i b i l i t i e s  o r  t o  d e t e c t  them a s  they a r i s e ,  
one could c o n f u s e t r u e  d i f f e r e n c e s  wi th  mere d i f f e r e n c e  i n  response 
bias.O 
The problem of sys t ema t i c  b i a s  must always be taken s e r i o u s l y .  It 
seems most r ea sonab le  n o t  t o  cons ide r  i t  a  problem inhe ren t  t o  e i t h e r  
method but  a s  a  d i f f i c u l t y  t h a t  may be more o r  l e s s  s eve re  depending on 
t h e  p a r t i c u l a r s  of an a p p l i c a t i o n .  As a p p l i c a b i l i t y  is d i scussed ,  t h e  
a r e a s  f o r  each method w i l l  become more c l e a r .  
The t e n t a t i v e  r e s u l t  f o r  a p p l i c a b i l i t y  i s  t h a t  t h e  method of d i r e c t  
ques t ion ing  i s  s u p e r i o r .  It r e s u l t s  in e s t i m a t o r s  w i th  l e s s  va r i ance .  
It r e q u i r e s  sma l l e r  samples f o r  "good" e s t ima te s .  And i t  r e q u i r e s  fewer 
ques t ion8  per  respondent .  A l l  of t h e s e  advantages  a r e  g r e a t e r  when t h e  
expected number of p o s i t i v e  answers (nPi in our  n o t a t i o n )  is smal l .  The 
method of d i r e c t  ques t ion ing  i s  t o  be  p r e f e r r e d  most when t h e  t i e ( s )  a t  
i s s u e  a r e  r a r e  and/or  when t h e  populat ion is l a r g e .  
budgetary c o n s t r a i n t s  a l low,  a  r e sea rche r  could ques t ions  both ends o f  a  claimed 
, t i e .  This  could  provide va luab le  c o n t r o l  over  e r r o r .  
/ The moat s u c c i n c t  comparison of a p p l i c a b i l i t y  can be made me taphor i ca l ly .  
I The method of d i r e c t  ques t ion ing  i s  l i k e  s Swiss Army k n i f e .  I t  is  n e a r l y  
always somewhat inadequate ,  bu t  i t  i s  n e a r l y  always u s e f u l .  The random 
I 
subgraph procedure  is l i k e  a  d e l i c a t e  s u r g i c a l  saw. It i s  an exremely f i n e  
I 
t 
t o o l  f o r  a  l i m i t e d  s e t  o f  c i rcumstances  bu t  ve ry  i m p r a c t i c a l  much of t h e  t ime.  
a The most f avo rab le  c i rcumstances  f o r  t h e  use  of t h e  random subgraph 
; procedure  occur  when nPi i s  l a r g e .  Most g e n e r s l l y ,  t h a t  w i l l  be t r u e  f o r  
' sma l l  popu la t ions .  Of cour se ,  such sma l l  popu la t ions  might be loca t ed  
i n  l a r g e  popu la t ions .bu t  on ly  when t h e  i n c i a l  focus  o f  t h e  i n v e s t i g a t i o n  
was a  s i n g l e ,  r e a d i l y  i d e n t i f i a b l e  subse t  o f  t h e  l a r g e r  popu la t ion  -- 
f o r  example i f  one s e t  o u t  t o  i n v e s t i g a t e  t h e  s o c i a l  r e l a t i o n s  o f  p o l i c e .  
o r  b l acks  i n  a  sma l l  c i t y ,  o r  l e a d e r s  o f  major community o r g a n i s a t i o n s .  
Lo t s  of money, and s p e c i a l  k inds  of a  p r i o r i  i n fo rma t ion  would a l low 
t h e  use  of random subgraph procedures  on e n t i r e  l a r g e  popu la t ions .  With 
enough money, sample s i z e  can be inc reased  t o  t h e  po in t  where a  r e l i a b l e  
d e n s i t y  e s t i m a t e  i s  ob ta ined .  (Granovet ter , l976)  But u n l e s s  l i s t  l eng th  
can be inc reased ,  t he  i n d i v i d u a l  l e v e l  e s t i m a t e s  i n  l a r g e  popu la t ions  
w i l l  become q u i t e  u n r e l i a b l e .  Another use  of massive funding would be 
t h e  c o l l e c t i o n  o f  a  p r i o r i  informat ion,  f o r  example on t h e  e t h n i c i t y  and s t a t u s  
respondents ,  and t h e  p r e p a r a t i o n  of m u l t i p l e  l i s t s  s u i t e d  f o r  each respondent .  
An I r i s h  workingclass  respondent might be shovn a  s u i t a b l y  drawn sub-sample 
The method of sub-graph samples should be  s u p e r i o r  under complemen- 
t a r y  cond i t i ons .  When t h e  populat ion is smal l  and t h e  number of t i e s  per  
person is l a r g e  (and nPi is t h e r e f o r e  l a r g e ) ,  t h e  random sub-graph method 
w i l l  produce r easonab le  e s t i m a t e s  a t  a  r ea sonab le  c o s t .  It has  t h e  con- 
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s i d e r a b l e  advantage of p re se rv ing  t h e  informat ion about  t h e  a c t u a l  i d e n t i t y  
and f u l l  r ange  of a t t r i b u t e s  of t h e  t i e d  o t h e r s  t h a t  i t  uncovers.  And i f  
o f  f a i r l y  s i m i l a r  o t h e r s  such t h a t  nPi would be high.  But expense a s i d e ,  
such sub-sampling would on ly  provide decent  e s t i m a t e s  of sub-group d e n s i t i e s  
and sub-group embeddedness o f  i n d i v i d u a l s .  Any a t t empt  t o  i n v e s t i g a t e  t i e s  
t o  t h e  u n c l a s s i f i e d  "other"  o u t s i d e  of t h e  p r e s p e c i f i e d  sub-group would 
founder on t h e  min i scu le  s i z e  of nPi i n  a  l a r g e  population.Prasuppositions 
about t h e  ' a p p r o p r i a t e '  list t o  dhow a  respondent would dominate t h e  r e s u l t s .  
I 
I 
Direc t  quest ions.  i n  c o n t r a s t ,  a l low f o r  s sea rch  s t r a t e g y  l i t t l e  cons t ra ined  
by p r i o r  assumption. One can a l low respondents  t o  i d e n t i f y  the  major t a r R e t s  of  
t h e i r  t i e s  f l e x i b l y  and then r e f i n e  t h e  information about these  t a r g e t s .  
The design need not  c o n s t r a i n  t i e  o t h e r s  t o  any presupposed pool .  T i e s  
t o  o t h e r  l o c a l e s  and t o  o t h e r  groups a r e  f u l l y  admissable. 
But t h e  advantage of  a s u r g i c a l  saw over a jack-knife  i s  t h a t  the  more 
r e f i n e d  t o o l  g ives  more a c c u r a t e  r e s u l t s  when c o r r e c t l y  appiied. W i l e  
t h e  c ruder  method of d i r e c t  q u e s t i o n s  can be used i n  a wider v a r i e t y  of circumstances 
i t ' s  v u l n e r a b i l i t y  t o  b i a s  might l ead  t o  a butchered o p e r a t i o n a l i s s t i o n .  
Ac tua l ly .  both methods a r e  vu lnerab le ,  i n  p a r t i c u l a r  v s y s , t o  response b i a s .  
I w i l l  t a k e  up the  v u l n e r a b i l i t i e s  of t h e  subgrap method f i r s t .  
With t h e  method of random sub- 
graphs,  respondents  a r e  asked about names. They could b i a s  r e s u l t s  by 
f a i l i n g  t o  acknowledge t i e s  o r  by claiming f a l s e  ones. The f a i l u r e  t o  
acknowledge a t i e  could reasonably be  taken a s  t h e  absence of t h e  t i e  (un- 
l e s s  we a r e  s tudying t i e s  where respondents  had an i n t e r e s t  in concealment. 
such a s  t h e  t i e s  t h a t  u n i t e  a b lack  market) .  The l ike l ihood  t h a t  people 
v i l l  c laim t i e s  they do n o t  possess  seems more t h e  t h r e a t .  It seems prob- 
a b l e  that t h i s  is more l i k e l y  t o  occur  when t h e  number of t r u l y  c la imable  
t i e s  d e c l i n e s .  That is, s respondent.faced wi th  a l is t  of 250 names of 
which on ly  two were a c t u a l  acquaintances.rnight t r y  t o  "help t h e  interview- 
e r  out" by claiming a d d i t i o n a l ,  f a l s e ,  t i e s .  The l ike l ihood  of such b i a s  
should inc rease  a s  nPi d e c l i n e s .  Furthermore, t h e  impact of f a l s e  claims 
would inc rease  a s  nPi d e c l i n e d ,  s i n c e  any a b s o l u t e  number of f a l s e  claims 
would be  a high p ropor t ion  of  t o t a l  c laims.  This  implies  t h e  usua l  con- 
c lus ion :  t h a t  t h e  method of random sub-graphs is i l l - adv i sed  when nPi is small .  
The method of d i r e c t  ques t ion ing  p resen t s  more s u b t l e  problems. Cer- 
t a i n l y  some ques t ions  asked of  some people w i l l  produce wildly erroneous 
r e s u l t s .  We can minimize t h a t  t o  some degree by thinking through t h e  ques- 
t i o n n a i r e  design.  Quest ions t h a t  seem u n l i k e l y  t o  produce a c c u r a t e  an- 
- .  
I( swers can be el iminated o r  in te rp re ted  with extreme caut ion.  But the re  is 




s a l l y  v a l i d  d a t a ,  but i t  can be demonstrated t h a t  i t  is well  su i t ed  For the  
I 
no general  answer to  t h e  problem. So ra the r  than arguing i n  a complete 
vacuum, I w i l l  suggest s t r a t e g i e s  t h a t  seem p o t e n t i a l l y  valuable.  For t h e  
i s s u e  here  i s  not only the  accuracy of the  r e s u l t s ,  but a l s o  the  substance. 
I /  address  of i s sues  of considerable  i n t e r e s t .  
I (  These i s s u e s  take us back t o  our i n i t i a l  concerns. 'These concerns 
a r e  t h e  extent  to  which a t t r i b u t e s  (or  the  ca tegor ies  they def ine )  s t ruc -  
/i t u r e  and cons t ra in  the  s o c i a l  con tac t s  of the  population. We a r e  most in- 
t e res ted  i n  the  groups t o  which people belong and i n  the  groups t o  which 
/ I  they a r e  c l o s e l y  t i e d ,  even though they may l a c k  the  nominal a t t r i b u t e s  
1 1  t h a t  a r e  t y p i c a l l y  employed a s  a measure of membership. We'are l e s s  con- 
j' cerned with t h e  d i s t r i b u t i o n  of people's t i e s  among t h e  a n y  ca tegor ies  t o  
' which they do not enjoy a l a r g e  number of t i e s .  
These concerns coincide nea t ly  with common-sense expectat ions about 
I 
the  accuracy of answers. The most accurate  information w i l l  be obtained 
from d i r e c t  quest ions when the  answers a r e  obvious t o  respondents. The 
most obvious answers would cover the  most s i g n i f i c a n t  t i e s  and the  most 
i s a l i e n t  groups. Generally, t h e  most s i g n i f i c a n t  t i e s  a r e  both more in-  
t ense  and l e s s  common. Most people have fewer c lose  f r i e n d s  than f r i e n d s  
and fewer f r i e n d s  than acquaintances. Accordingly, people have more in-  
formation about t h e  o b j e c t s  of t h e i r  more in tense  t i e s .  Since t h e r e  a r e  
ists a r e  probably most aware of t h e  denominational a f f F l i a t i o n s  of o ther  
Methodists. In  summary, d i r e c t  quest ions should work bes t  when appl ied to  
1 fewer ob jec t s ,  the re  is l e s s  t o t a l  information to  remember and summarize. 
t 
I n  a s imi la r  way, people a r e  most aware of memberships i n  groups t h a t  a r e  
s o c i a l l y  s i g n i f i c a n t  t o  them. Soc io log i s t s  a r e  probably most aware of 
the  professional  a f f i l i a t i o n s  of t i e d  o thers  who a r e  soc io log i s t s .  Method- 
I 
the  sec t ion  of t h e  surrounding s o c i a l  world bes t  known and most important 
t o  the  respondent. 
I can suggest two complementary speculat ions.  Answers w i l l  be more 
inaccurate  when the  t i e s  a t  i s s u e  have many o t h e r s  and when t h e  groups a r e  
l e s s  s a l i e n t .  These considerat ions combine. It would r e q u i r e  a g rea t  dea l  
of r e c o l l e c t i o n  t o  determine the  a t t r i b u t e s  of every person to  whom one en- 
joys a common t i e .  This is most su re ly  the  case f o r  a t t r i b u t e s  t h a t  a r e  
not seen a s  important. A Polish-surnamed American u rban i te  would probably 
be hardpressed t o  g ive  an accura te  count of t h e  number of Irish-surnamed 
Pro tes tan t s  i n  h i s  o r  her acquaintance ne t .  In  many ins tances ,  our puta- 
t i v e  respondent would not even be aware of t h e  nominal memberships of such 
acquaintances. .An important source of p o t e n t i a l  e r r o r  i s  the f a i l u r e  
OF knowledge (or  of reco l lec t ion)  when respondents a t t empt . to  iden t i fy .  . 
a t t r i b u t e s  of barely kqowfl people. . . 
This means t h a t  some information w i l l  not  be ob ta inab le  from respon- 
den t s  b e c a k e  they simply do not possess i t .  This occurs  espec ia l ly  with 
high-frequency t i e s .  It has been shown t h a t  one can compare c o l l e c t i v i -  
t i e s  with respect  t o  t i e  d e n s i t i e s  even when the  individual  answers a r e  
ra the r  inaccurate .  But too.much i s  demanded b y  i n s i s t e n c e . t h a t  people sub- 
c l a s s i f y  t h e i r  guesst imates  i n t o  ca tegor ies  about which they a c t u a l l y  have 
l i t t l e  information. A reasonable and honest respondent might be a b l e  to  
recount the  a t t r i b u t e s  of acquaintances who possess highly s a l i e n t  a t t r i -  
butes .but  would be forced t o  throw most of t h e i r  acquaintances i n t o  an 
"other" category. Somore faith..:should. be- placed i n  reported . f requent  con- 
t a c t s  than i n  reported absences of contact .  This means t h a t  one cannot 
hope t o  measure t h e  complete a t t r i b u t e  to  a t t r i b u t e  dens i ty  matrix o f ,  
say, acquaintance from each to  every o ther  a t t r i b u t e .  There a r e  b e t t e r  prospects  
of l ea rn ing  the  g ross  l e v e l  of contact  und i f fe ren t ia ted  i n t o  subgroups 
and of l ea rn ing  of t h e  l a r g e  bundles of weak t i e s  and smaller  bundles of 
in tense  t i e s  t h a t  a t t a c h  respondents t o  t h e  ca tegor ies  most s i g n i f i c a n t  in 
t h e i r  s o c i a l  world-The l i m i t a t i o n  must be accepted t h a t  respondents con- 
t a c t  n e t s  may include a l a r g e  amount of und i f fe ren t ia ted  "other" t h a t  
s tands f o r  the  absence of known con tac t s  t o  c e r t a i n  categories .10 
This has important implicat ions f o r  research s t ra teg ies .One  can 
, search through respondents'  s o c i a l  worlds fo r  the  ca tegor ies  t o  which they 
enjoy the  g r e a t e s t  number of weak attachments. P a r t i c u l a r  a t t e n t i o n  
I 
should be paid t o  t h e  attachments t o  ca tegor ies  t o  which the  respondent be- 
1ongs.One could probe f u r t h e r  to  see  i f  t h e  s t ronger  and l e s s  common a t -  
tachments follow these  pa t t e rns .  A t  some point  i n  t h i s  narrowing inves t i -  
gat ion of a s o c i a l  n e t , m e  could begin t o  ass ign  credence t o  the  numerical 
values uncovered. 
11 
The bl ind spot  of these  methods is t h e  bl ind spo t s  of t h e  respon- 
dents .  With d i r e c t  quest ions,  one commits oneself to  the  inves t iga t ion  
, 
, of the  s o c i a l  world a s  respondents see  i t .  The caut ious inves t iga to r  may 
be forced t o  forgo c e r t a i n  o b j e c t i v i s t  i n t e r p r e t a t i o n s  of the  da ta .  But 
, 
t h i s  should not be exaggerated. The underlying r e a l i t y  is ob jec t ive .  One 
should expect t h a t  a s  we ge t  c lose r  and c l o s e r  t o  the  world people know 
well ,  t h e i r  guesstimates w i l l  more and more accura te ly  r e f l e c t  
t h e i r  s o c i a l  worlds. In  p a r t i c u l a r ,  che i r  c l o s e  t i e s  and important cate-  
gor ies  w i l l  be uncovered with some considerable  accuracy. And t h i s  WillalloW 
the harvest  of . some of the  promise of r e l a t i o n a l  d a t a ,  an inves t iga t ion  
of group s t r u c t u r e  and i ts impact on t h e  ind iv idua l s  embedded i n  those 
I groups. The next sec t ion  w i l l  present  and e labora te  some of the i s sues  
' t h a t  could be addressed by such an inves t iga t ion .  
Rela t iona l  C o n f i ~ u r a t i o n s ,  Croup s t r u c t u r e ,  and Croup Impact 
Methodolo~ica l  l i m i t s  on the  i n v e s t i g a t i o n  of the  c a t e g o r i c a l  compositions 
of s o c i a l  networks have been discussed.  But those limits, a s  presented here ,  
do al low t h e  s tudy of t h e  c a t e g o r i e s  most c l o s e  t o  a  respondent a s  .well .. . 
aa t h e  complete composttions of t i e s  f o r  fintense and/or  u?co-n t i e s .  , I 
I by the  cheap and f l e x i b l e  method of d i r e c t  quest ions.  Because i t  was,necesary ., 
! 
I 
t o  f i r a t  e s t a b l i s h  t h e  l i m i t a t i o n s  on t h e  methodology, i t , w a s  not poss ib le  . . . . 
i n  t h e  f i r s t  s e c t i o n  t o  discus's the  interpretatdrons.  of the  da ta . ' t ha t  . ... . I .. # 
.5" , ' I 
might be co l l ec ted .  Those i n t e r p r e t a t i o n s  a r e  the  sub jec t  of th ' i s  , , ,, ' 
sec t ion .  It s h a l l  be shovn t h a t  such d a t a  can be used t o  understand t h e  r e l a t i o n  
of ind iv idua l s  t o  c a t e g o r i e s  a s  we l l  a s  t h e  group-like fea tu rea  br ca tegor ies  1 
i n  the  aggregate .  In  s h o r t ,  t h e  Lull  motivat ion of r e l a t i o n a l  survey procedures 
can f i n a l l y  be presented.  
The ind iv idua l  l w e l  d a t a  w u l d  c o n s i s t  of t h e  quan t i ty  of s o c i a l  
t i e s  t o  s o c i a l  ca tegor ies .  Usually these  a r e  c a t e g o r i e s  . thought  t o  
be groups. We-think--that t h i a  q u a n t i t y  of t i e s  t o  a  category can be uae- 
f u l l y  thought of a s  a  measure of s o c i a l  c o n s t r a i n t .  It is a measure of 
t h e  ex ten t  t o  which t h e  con ten t s  and con tex t s  of t h e  i n d i v i d u a l ' s  s b c i a l  I 
l i f e  a r e  t y p i f i e d  by t h e  q u a l i t i e s  ( l i f e s t y l e s ,  values,  norms, p r a c t i c e s )  
i d e n t i f i e d  with t h e  group. To motivate  t h i s  i n t e r p r e t a t i ~ n , ~ ~ ~ ~  turn 
t o  some extremely baaic  soc io log ica l  concerns. 
A s o c i a l  t i e  r epresen t s  a  cont inuing pa t t e rn  of i n t e r a c t i o n  between 
ind iv idua l s .  Such i n t e r a c t i o n s  w i l l  be governed by o b l i g a t i o n s  and expec- 
t a t i o n s .  Thus a  s o c i a l  t i e  provides both t h e  channel and t h e  r u l e s  of so- 
c i a l  conduct. A s o c i a l  t i e  is t h e  arena i n  which s o c i a l  inf luence t akes  
p lace  (Katz and Lazarsfeld, l955 ), b e l i e f s  and information a r e  t ransmit ted 
Cbleman.Katz, and Menze1,1966'), and where va lues  a r e  shared and supported 
(Simme1.1955). From the s tandpoint  of e i t h e r  pa r ty  t o  the  t i e ,  the  various in-  
t e rac t ions  leave some residue.  Focusin*. on t h e  cat ,egorical  
quan t i ty  of t i e s .  . suggests  t h a t  t h i a  residue:.will tend t o  amount 
t o  whatever makes a  p a r t i c u l a r  category (or  group) d i s t i n c t  from oth,er 
ca tegor ies  (or groups). The claim i s .  t h a t  t h e  quan t i ty  and i n t e n s i t y  
of the  ind iv idua l ' s  s o c i a l  t i e s  to  a  category (or  group) is both a  cause 
and an ind ica to r  of '  the  impact of t h a t  category/group on t h e  ind iv idua l .  
More content can be added.  t o . t h i s  vague but, general  p r i n c i p l e  with 
some not ions from Stinchcombe (1976). He suggested t h a t  s o l i d a r i t y  a r i s e s  
from the  coextensivenesa of s o c i a l  group and the  f a c i l i t i e s  necessary t o  
solving problems of t h e  members of t h e  group. Social  t i e s  a r e  t h e  chan- 
n e l s  along which such f a c i l i t i e s  nay be so,ught and exchanged. This sug- 
g e s t s  t h a t  the  degree of network binding of t h e  individual  t o  t h e  group in-  
d i c a t e s  t h e  degree of access  t o  problem-solving f a c i l i t i e s  contained with- 
i n  t h e  group. Contrariwise, t h e  l ack  of such binding may i n d i c a t e  an in- 
d i f fe rence  to  the  group's  f a c i l i t i e s  o r  access  t o  equal o r  b e t t e r  f a c i l i -  
t i e s  elsewhere. ,. Therefore, the.more .embedded the ind iv idua l  i s  .. 
within the  group, the  more valuable the, group is l i k e l y  t o  seem (and t o  be) 
and t h e  higher  i s  the  . ind iv idua l ' s  sub jec t ive . sense  of s o l i d a r i t y  with tha t  group. 
Fireman and Gamson (1977) have suggested, i n  s imi la r  terms, t h a t  
such s o l i d a r i t y  may be a  major determinant of t h e  l ikel ihood t h a t  t h e  mem- 
bers  of a  group w i l l  mobilize f o r  c o l l e c t i v e  act ion.  They argue,  following 
Olson (1965), t h a t  i t  is of ten  not economically r a t i o n a l  f o r  ind iv idua l s  
t o  con t r ibu te  vo lun ta r i ly  t o  e f f o r t s  t o  obtain c o l l e c t i v e  goods. But they 
argue t h a t  s o c i a l  t i e s  and the  subsequent so l ida ry  i d e n t i f i c a t i o n  of the  
individual  with the  c o l l e c t i v e  i n t e r e s t s  of t h e  group can provide an a l t e r -  
n a t i v e  r a t i o n a l e  f o r  ind iv idua l  contr ibut ions.  The content ious capaci ty 
of the  group is then p a r t i a l l y  dependent on the  typ ica l  amount of s o c i a l  
attachment of  t h e  group's members. Contentious capaci ty is, of course,  a  
group proper ty .  In  t h i s  account  i t  r e s t s ,  i n  p a r t ,  on t h e  ave rage  connect- spondents  a r e  aware of and u s e  more o r  l e s s  a s  we do. Such c a t e g o r i e s  can 
edness  of t h e  g roup ' s  members. be i n v e s t i g a t e d  f o r  t h e  e x t e n t  t o  which they  d e l i m i t  s o c i a l  n e t w r k s ,  t h a t  
T h i s  is a powerful l i n e  of argument t h a t  may be gene ra l i zed .  What- 
ever  t h e  connectedness  of a p a r t i c u l a r  i n d i v i d u a l ,  t h e  ave rage  connected- I is, t h e  e x t e n t  t o  t h e  boundar ies  of t h e  ca t egory  bound t h e  s o c i a l  i n t e r a c -  t i o n s  of t h e  members. I n  an  important  s ense ,  t h i s  w u l d  measure ,how we l l  
and be. more d i f f e r e n t i a t e d  from o t h e r  groups. Therefore ,  t h e  e f f e c t  of 
any g iven  l e v e l  of t i e s  is  a f f e c t e d  by t h e  ave rage  l e v e l  of t i e s  enjoyed 
by o t h e r s .  Whatever t h e  sphe re  of impact examined, whether on p o l i t i c a l  
n e s s  of a l l  members is a measure of t h e  s o c i a l  cohesion t h e  group enjoys .  
nore  cohesive  groups should enjog-nore  i n t e n s e ,  and;.mo're d i s t i nc t ive - -g roup  l i v e s  
a c t i v i t y ,  l i f e s t y l e ,  normat ive  adherence,  o r  whatever,  . t ha t  impact - . . I 
should  i n c r e a s e  both  wi th  t h e  ave rage  number o f  t i e s  and wi th  t h e  num- 
ber  of t i e s  enjoyed by a p a r t i c u l a r  i nd iv idua l .  A few t i e s  t o  a h igh ly  
I 
t h e s e  c a t e g o r i e s  func t ion  a s  groups. 
Conclusion 
cohes ive  group may have g r e a t e r  c l e a r  impact t han  many t i e s  t o  a "group" 
that is not  cohesive .  
a 
T h i s  i n t e r p l a y  between t h e  network p r o p e r t i e s  of t h e  group and 
I 
its impact on t h e  i n d i v i d u a l  . o f f e r s  t h e  most e x c i t i n g  p o s s i b i l i t y  f o r  
survey r e l a t i o n a l  d a t a .  It o f f e r s  an oppor tun i ty  t o  advance well '  beyond 
> ,  
t h e  nominal c l a s s i f i c a t i o n  of respondents  i n t o  s o c i a l  c a t e g o r i e s  t o  a uni-  
, 
f i e d  a t t empt  t o  i n v e s t i g a t e  t h e  Impact of t h e  c l a s s i f i c a t i o n s  g e n e r a l l y  on 
! 
a t t i t u d e s ,  behaviors  and s o  f o r t h .  Suppose s e v e r a l  respondents  were found 
t o  . b e  q u i t e  h igh ly  connected to,members of l a b o r  unions .  The expec ta t ion  i s  t h a t  
they would. be s t r o n g  backers  of l a b o r  union p o l i t i c a l  g o a l s  and s o  f o r t h .  
I 
B u t a l s o  d i scove t in@ that t h e  t y p i c a l  union member was not  h igh ly  connect- I 
ed t o  l a b o r  union members, would change the '  expec ta t ion .  Even t h e  b e s t .  
connected people  should then  show l e s s  impact of t h e i r  connect ion,  and 
t h e  impact of nominal membership should be r a t h e r  s l i g h t .  
It is because of t h i s  p o s s i b i l i t y  of i n v e s t i g a t i n g  t h e  p r o p e r t i e s  of 
groups t h a t 1  i n s i s t e d  on t h e  u s e  of consensual  c a t e g o r i e s  t h a t  most re-  
I have focused  on t h e  u s e  of d i r e c t  ques t ions  t o  s tudy  t h e  immediate 
s o c i a l  surroundings  of i n d i v i d u a l s  which seems the.most s ecu re  app l i -  :; 
ca t ion .  But f o r  c l o s e  t i e s  and/or  h igh ly  s a l i e n t  groups ,  Onecould a l s o  
u s e  t h e s e  methods t o  s tudy  t h e  converse  problem, t h e  degree  of s o c i a l  seg- 
r e g a t i o n  t h a t  t y p i f i e s  t h e  r e l a t i o n s  between d i f f e r e n t  s o c i a l  c a t e g o r i e s .  
Perhaps  t h e  most u n s a t i s f a c t o r y  f e a t u r e  of t h i s  e s say  is  t h e  i n a b i l i t y  t o  
s u c c i n c t l y  suggest  a l l  t h e  p o s s i b i l i t i e s  i nhe ren t  i n  t h i s  method. We have 
s tayed c l o s e  t o  t h e  o r i g i n a l  i s s u e .  i n  hopes of making one po in t  we l l  
r a t h e r  than many p o i n t s  poor ly .  As a technique f o r  i n v e s t i g a t i n g  network 
concerns  i n  l a r g e  popu la t ions ,  i t  is addressed i m p l i c i t l y  t o  a l a r g e r  body 
of concerns  t h a n ,  . could a c t u a l l y  .be p re sen ted .  
The e n t i r e  approach is based on a s i n g l e  s i m p l i f i c a t i o n  of t r a d i t i o n -  
a l  network approaches. It i s  d i f f i c u l t  and extremely c o s t l y  t o  t r a c e  o u t  
t h e  cha ins  t h a t  networkers  t h i n k  of i n  l a r g e  populat ions .  It i s  even more 
d i f f i c u l t  t o  r e l a t e  such r e s u l t s  t o  t h e  g e n e r a l i z a t i o n s  de r ived  from more 
t r a d i t i o n a l  survey methodology. The s i n l g e  a b s t r a c t i o n  t o  t h e  
shee r  q u a n t i t y  of t i e s  o f f e r s  hope o f  i l l u m i n a t i n g  network s t r u c t u r e s  a s  
we l l  a s  r e f i n i n g  t h e  u s e  of demographic c a t e g o r i e s  i n  both  theory and re-  
search.  C e r t a i n l y  'vedhould not  f o r g e t  our  ignorance of what l i e s  beyond 
t h e  f i r s t  s t e p  outward from t h e  respondent .  But t h e  i n v e s t i g a t i o n  of 
t hose  immediate surroundings  is compat ible  w i th  our  c u r r e n t  r e sea rch  tech- 
nology and o f f e r s  cons ide rab le  promise. 
-. - --- .... . - .. . . - .. . . . .. . - -.-- _ _  _ _  . 
I f  t h e  t h e o r e t i c a l  ques t ions  now being r a i s e d  about the  macro , 
s t r u c t u r e  of s o c i a l  con tac t  become c e n t r a l  t o  our d i s c i p l i n e ,  we s h a l l  ' 
want t o  be a b l e  t o  i n v e s t i g a t e  them. The p resen t  methods a r e  obvious 
t o o l s  f o r  t h a t  t a s k ,  but  they a r e  unfamil iar  t o o l s  with unfamil iar  
d i f f i c u l t i e s .  They a r e  a v a i l a b l e , a n d t h e y  a r e  workable, but  they 
should beapp l ied  with c a r e  and caut ion.  1 
Appendix 
Approximating and P a r t i t i o n i n g  t h e  Variance of t h e  Density Estimator 
A t  jsso e I S  t h e  variance of the  sum of the individual  l e v e l  
extimators. For each ind iv idua l ,  t h e . t r u e  s t a t e  of the  world is described 
where N is the  s i z e  of the  population and Ti i s  t h e  number of t i e s  enjoyed 
by person i. Asample of s i z e  n is drawn. . With one-way quest ioning,  
each sample member is asked about (F) others ,  and with two-way ques- 
t ioning,  about (n - 1)  o thers .  Toavoid un in te res t ing  complications, 1 s h a l l  
assume t h a t  n  is an odd number so t h a t  (9) is an in teger .  
1. s h a l l  f i r s t  consider two-way questioning. Each ind iv idua l  es- 
t imate is then governed by a  binomial 
(2 )  ei - B(n - 1. Pi) 
so t h a t  E(ii) = Pi, and v(fii) ' 3 - The u l t imate  isguh is ag- 
(n - 1 )  
g rega te  est imates  so I w i l l  examine the  sum of the  ind iv idua l  l e v e l  es- 
t imates ,  ? pi, seeking t o  ob ta in  the variance of t h i s  sum. 
i-1 
f i r s t  t h a t  the  est imator  i s  unbiased,as Frank and Granovetter have shown. 
i t  follows t h a t  
where = ! 5. 
i-1 N 
This may be writ ' ten a s  
The covariance (second) term may be reduced t o  
which nay be wr i t t en  
E ~ $ ~ [ ( n - l ) * - ~  - EI 
where (n-l)F-i i s  the  sum of t h e  $s excluding ei. Each term of t h i s  sum 
is t h e  covariance of an ind iv idua l ' s  est imate Gi with the  sum of a l l  the  
o ther  individual  est imates .  I t  is i n t u i t i v e l y  obvious t h a t  a l l  of these 
est imates  a r e  r e l a t e d ,  s ince  a l l  of t h e  cis a r e  estimated with a s i n g l e  
list. This sum can be evaluated with the  methods and no ta t ion  of Frank, 
but t h i s  would requ i re  t h e  introduct ion of extensive no ta t iona l  and def- 
i n i t i o n a l  apparatus. What s h a l l  be seen, soon enough, is t h a t  the  sum is 
neg l ig ib le  i n  l a r g e  populations. 
The f i r s t  term i n  (4) may be rewr i t t en  
The expectat ion of. :the t h i r d  term on the  r i g h r  is zero,  so the formula 
I 
s i m p l i f i e s  t o  
Taking expectat ions.  the l a t t e r  term amounts t o  the  population variance 
2 of the  Pi; c a l l  t h i s  ap ,  which occurs  n t imer.  The format term is the  
sum of the  expected variances of the  Pi. (6) then equals  
The second term can be wr i t t en  a s  5 - 9 . Taking expeccacions and I 
(n-1) (n-1) 
sunnning, the  second term equals  
Replacing & with 1, we see  t h a t  (6) is approximately equal to  
(9) (n-1) x a 2  + F(1-F) 
P 
To make t h i s  comparable t o  the  Frank r e s u l t ,  note  t h a t  s2 (a )  = ~~a~ 
P 
and t h a t  ~(1-?;) is s 2 ( c ) .  To make t h i s  comparable t o  Granovet ter , i t  must a l s o  
be noted . t h a t  t h e  dens i ty  est imate i s  $ 2, so t h a t  the  variance i n  
n 
(9) should be divided by nL. This gives the  approximate r e s u l t  f o r  two- 
way questioning. 
With one-way quest ioning we have the  same number of respondents, but 
each is only asked about (q) poten t ia l .  o the rs .  The denominator of t h e  
dens i ty  est imator  is now (y). Furthermore, t h e  n terms t h a t  contr ibuted 
t o  t h e  s2 (c )  term now have a denominator of (F) instead of n-1. Approx- 
imating n-1 by n, i t  can be seen tha t  
The r e s u l t  t h a t  Granovetter derived from Frank was 
It is evident t h a t  our approximate r e s u l t  is simply the  Fronk/Cranovetter 
formula, s impl i f i ed  by the  s u b s t i t u t i o n  of n f o r  n-1 and n-2 and by t h e '  
s u b s t i t u t i o n  of N f o r  N-1, N-2, N-3, N-n, and N-n-1. Almost a l l  of t h e  
d i f f e r e n c e  between t h e  approximate and t h e  exact answer was the  covariance 
term thatwas neglected e a r l i e r .  
It i s  not very informative t o  examine an exact expression f o r  the  
d i f fe rence  between t h e  approximate formula and the  exact formula. But in-  
spect ion d i s c l o s e s  when the  two w i l l  be d i f f e r e n t .  The most dubious sub- 
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s t i t u t i o n  is t h a t  of  N f o r  N-n and N-n-1. When N ,  thq populat ion s i z e ,  is I 
I 
'The v a r i a b l e  degree of membership i n  a  ca tegor ica l  group is in- 
-11, then t h e  sample s i z e ,  n ,  may be a  s u b s t a n t i a l  f rac t ion .  1; s ~ ~ !  
I by t h e  vec to r  en t ry  t h a t  r e f e r s  t o  the  group. A t  f i r s t  thought. 
instances. t h e  f o n m ~ l a  ( I 2 )  g ives  a  smaller  va lue  f o r  t h e  va r iance  of . . '1 
t h e  mst important en t ry  is t h e  l a r g e s t .  It might seem t o  r e f l e c t  the  
es t imator .  For example. i f  n  100 and N 1,000. then t h e  f i r s t  term i n  
(12) is 82.1 percent  of  t h e  f i r s t  term i n  (11) .  Under t h e  same assump- 
t i o n s ,  t h e  second term i n  (12) is 89.6 percent of t h e  corresponding approx- 
imate term. The percentages a r e  approximated by and 1 0 0 * [ ~ ] ~ .  
N N 
Tables I V  and V show t h e  t r u e  values,  t h e  approximate values,  and t h e  per- 
centage discrepancy f o r  assor ted  values of N and n. the  
approximation is reasonably accura te  once N and n a r e  reasonably large. 
. . -- - . . . - - . - .. . - -- - . . - . .. - - . . . . . . . . ............................................... 
I n s e r t  T e l e  4 and Table 5 about he re  
.............................................. 
The approximation is s l i g h t l y  more convenient than t h e  exact  for-  
mula, but  t h a t  savings is s l i g h t .  The d e r i v a t i o n  of t h e  approximation is 
more informative.  In  e f f e c t ,  we assumed t h a t  each ind iv idua l  l ev41  obser- 
va t ion  is independent of every other .  This  permitted a  p a r t i t i o n  of t h e  
va r iance  i n t o  sampling e r r o r  of t h e  P around t h e  population va lue  7, and 
i 
e r r o r  i n  es t imat ing  t h e  ind iv idua l  l e v e l  Pi. We saw t h a t  neg lec t ing  t h e  
covariance of t h e  ti from a s i n g l e  sample made l i t t l e  p r a c t i c a l  d i f f e r e n c e  
once N and n a r e  reasonably l a rge .  
I 
most important group i n  respondent s o c i a l  world and would appear a  n a t u r a l  
! 
choice f o r  t h e  group to  which respondent most belongs. But c o m p l i c s t ~ o n s  
intrude.  
I n  a  world of random con tac t ,  t h e  most probable con tac t s  a r e  with 
the  l a r g e r  groups. In  a  random world, the  expected number of t i e s  is pro- 
por t iona l  t o  group s i z e .  A member of a  small nominal group, such a s  soci-  
o l o g i s t s ,  would belexpected t o  have.few of t h e i r  contacts  with o ther  so- 
c i o l o g i s t s .  Even i f  t h e r e  were 20,000 s o c i o l o g i s t s  i n  the  population of 
/ t h e  U.S.. the  random chance t h a t  a  t i e  would be t o  a  soc io log i s t  would 
1 be only one i n  10,000. So even i f  I had 1,000 f r i ends ,  i n  a  random world 
I would expect t o  be f r i e n d s  with only .1 soc io log i s t .  
This is not  a  t r i v i a l  problem, but i t  i l l u s t r a t e s  two points .  The 
f i r s t  is t h e  extreme improbabil i ty  under randomness t h a t  anyone knovs 
more than a  small number of s imi la r  but r a r e  others .  That I know many 
more than .1 soc io log i s t  ind ica tes  t h a t  my contact  ne t  s t rong ly  r e f l e c t s  
t h a t  occupational a t t r i b u t e  a s  does the  s o c i a l  s t r u c t u r e  of my existence.  
one can expect t h e  same t o  occur f o r  o ther  a t t r i b u t e s .  But t h e  second 
/ point  is t h a t  quan t i ty  must be compared t o  p o s s i b i l i t y .  It i s  not the  I 
I most frequent t i e s  t h a t  count. but t h e  most improbable. On a random 
I 
I model, p robab i l i ty  is inversely proport ional  to  category s i z e .  
Weighting 
I 
the  vec to r  of ca tegor ica l  compositions by category s i z e  is equivalent  t o  
d iv id ing  each en t ry  by the  s i z e  of t h e  category t o  which i t  r e f e r s .  The I 
I measure t h a t  r e s u l t s  is t h e  individual  analog of densi ty.  It is the  pro- 
port ion of a l l  poss ib le  l i n k s  t o  t h e  ca tegory ' s  members t h a t  a c t u a l i s e  i n  
the  ind iv idua l ' s  net .  
I t  should be s t ressed  t h a t  t h i s  adjustment i s  not t h e  only poss ib le  
adjustment, nor is i t  un iversa l ly  des i rab le .  Other s t r a t e g i e s  f o r  t h i s  
I u l a t ion  i n t o  d i s j o i n t  s e t s .  Race i s  such a category s e t  (although t h e r e  
I is a small remainder of o ther ,  unknown, infrequent  o r  ambiguous t h a t  might 
I t roub le  a log ic ian  i f  not a p r a c t i c a l  researcher) .  Sex is a category s e t .  
problem e x i s t  i n  the  l i t e r a t u r e .  (cf  . Fararo and Sunshine [1966]). [ Race and sex crossed,  y ie ld ing  white-male, white-f emale, black-male, e t c .  , 
I 
I t i e s  could have important soc io log ica l  i n t e r p r e t a t i o n s .  
It is suggested here  both to,make t h e  i s s u e  apparent and because th ' is  ad- 
justment makes t h e  individual  l e v e l  observat ions cons i s ten t  with dens i ty .  
When the  ind iv idua l  l e v e l  measures a r e  so ad jus ted ,  dens i ty  is the ' s imple  
A grea t  v a r i e t y  of conventional soc io log ica l  problems, a s  well  a s  
2 ~ h e  ca lcu la t ion  of d e n s i t i e s  only sc ra tches  the  su r face  of po- I I 
t many problems not y e t  perceived, could be conceptualized and researched 
t e n t i a l  app l ica t ions  of measures of t i e s  within and between members of I 
I 
in these  terms.This a b s t r a c t  r e c i a t a t i o n  is a d i s tance  from workable research 
s o c i a l  ca tegor ies .  The most imaginative app l ica t ions  a r e  well  beyond the  I 
scope of  the  cur ren t  essay. I pause b r i e f l y  only t o  i n d i c a t e  t h e  extreme I 
s t r a t e g i e s .  But what I have t r i e d  t o  i n d i c a t e  is the  enonnous scope of 
f l e x i b i l i t y  of t h e  concept of ca tegor ica l  composition t o  give more moment 
i such p o s s i b i l i t i e s .  There is a promise fo r  the  f u t u r e  which t h i s  es- t o  t h e  c e n t r a l  concern of t h i s  essay,  t h e  measurement of such compositions. say only foreshadows. One source of f l e x i b i l i t y  is t h e  high abs t rac t ion  of the  concept of 
is s t i l l  another category s e t .  The v a r i e t y  is almost endless .  I s sues  
such a s  overlap and i n t e r a c t i o n  of ca tegory ' se t s ,  the  comparativa impact 
of d i f f e r e n t  category s e t s  on separa t ing  s o c i a l  t i e s ,  and, most complica- 
s o c i a l  t i e .  Many narrower, more focused concepts may be thought ok i n  . 
terms of s o c i a l  t i e s .  In  t h e  vector  terminology,one can imagine a col-  ! 3 ~ h e  ca tegor ies  need not  be s a l i e n t  t o  a l l  respondents. For example, 
average of t h e  ind iv idua l  measures. I ted of a l l ,  t h e  i n t e r r e l a t i o n s  of d i f f e r e n t  category s e t s  and types of 
I 
l e c t i o n  of vec to rs ,  each corresponding t o  a p a r t i c u l a r  type of t i e :  (Ac- One could inqu i re  about ca tegor ies  t o  which the  respondent belonged which 
I 
t u a l l y ,  each ind iv idua l  would have such a c o l l e c t i o n ,  so t h a t  a population might not be well  known t o  a l l  o the r  members of the  population. Thus, I 
would have a co l l ec t ion  of co l l ec t ions . )  There could be a vector  of ac- could r e a d i l y  t e l l  you how many of my acquaintances a r e  s o c i o l o g i s t s ,  but 
1 
quaintances, a vector  of f r i ends  and a vector  of s i g n i f i c a n t  otherb.  Ex- I I a l s o  h o w  many people whose professional  a f f i l i a t i o n  is a mystery t o  me. 
changes of p o l i t i c a l  information, consumer advice o r  s o c i a l  d i sease  could ,- ' I could not  g ive  an accurate  s e t  of answers about the  number of economists 
I be so represented. The p o s s i b i l i t i e s  a r e  almost endless. / I how,  but on19 about t h e  number of people I h o w  t o  be economists. 
Another source of f l e x i b i l i t y  i s  t h e  varied not ion of categoky. The 
s o c i a l  world can be meaningfully divided i n t o  a wide v a r i e t y  of category 
s e t s ,  mutually exclusive and j o i n t l y  exhaustive c l a s s i f i c a t i o n  of the  pop- 
Under such conditions,one could not construct  a complete dens i ty  mat- 
) r i x  showing t h e  d iv i s ion  of acquaintances among a l l  of t h e  ca tegor ies  of 
( others .  M e  could, however. inves t iga te  the  i s s u e  of t i e s  to  self-category 
versus combined t i e s  t o  a l l  o the r  categories .  This "degree of sociometr ic  
closure" ,  o r  t h e  e x t e n t  t o  which members' s o c i a l  t i e s  a r e  w i th in  t h e  group, 
has a group l e v e l  analog t h a t  is comparable t o  dens i ty .  
I t  should be added - t h a L o n l y  "object ive"  o r  consensua l ly  used ca t e -  
I 
g o r i e s  a r e  s u i t a b l e  f o r  t h e  format ion of d e n s i t y  e s t i m a t e s  which r e q u i r e  
knovledge of group s i z e .  Although i t  might be f r u i t f u l  t o  i n v e s t i g a t e  cog- 
n i t i v e  s o c i a l  maps - f o r  example, t h e  number of acquaintances  seen a s  
middle-c lass  o r  p o l i t i c a l l y  l i b e r a l  - t h e s e  answers would be almost whol- 
l y  s u b j e c t i v e  and no t  u sab le  f o r  agg rega t ion  a c r o s s  members of t h e  'groups 
so  i d e n t i f i e d .  J u s t  because  someone c la ims middle-c lass  s t a t u s  f o r  some- 
one e l s e  does  no t  i n s u r e  thathehe o t h e r  someones w i l l  ag ree .  So oLecould ' 
a l l  
i n v e s t i g a t e  whether people  who s t r o n g l y  s e l f - i d e n t i f y  wi th  some s u b j e c t i v e  
ca t egory  pe rce ive  t h e i r  f r i e n d s  a s  s i m i l a r .  But t h i s  would no t  t e l l  u s  
whether t h e  f r i e n d s  shared t h e  s u b j e c t i v e  i d e n t i f i c a t i o n .  ~ h e s e  draw- 
backs a l l  l ead  t o  important  q u a l i f i c a t i o n s  t o  t h e  g e n e r a l i t y  o f  t h e  d i r e c t  
ques t ion ing  method. But I s h a l l  no t  d i s c u s s  them, indeed s h a l l  assume them 
unproblematic u n t i l  a f t e r  t h e  sampling models have been cons t ruc t ed .  
4 ~ e c h n i c a l l y ,  t h i s  a p p l i e s  on ly  i n  l a r g e  popu la t ions  where ,n ' and  Ti 
a r e  much l e s s  t han  N. The t r u e  d i s t r i b u t i o n  of t h e  number of observed 
t i e s  w i th  N ,  n ,  and Ti f i xed  is hypergeometric b i t  under l a r g e  popthat ion 
I 
c o n d i t i o n s  we may s a f e l y  use  t h e  binomial ( c f .  Fel ler (1968))  I 
6 ~ r a n o v e t t e r ' s  main concern was t h e  neces sa ry  sample s i z e  implied 
2 2 
by va r ious  assumptions  about  S ( a )  and S (C). A s i m i l a r  a n a l y s i s  could  be  
c a r r i e d  o u t  w i th  t h e s e  equat ions .  As Granovet ter  p o i n t s  o u t ,  and a s  
Frank d e t a i l s , o n  p. 72.. s2 (c )  is f ixed  by t h e  ave rage  number o f  t i e s ,  
but  s 2 ( a )  could va ry  between ze ro  and a ve ry  l a r g e  number. I w i l l  n o t  
concern myself w i th  assumptions  about  s 2 ( a ) ,  because our  decomposition 
shows that i ts e f f e c t  is t h e  same, no ma t t e r  what survey method is used. 
It i s  worth mentioning t h a t  Granove t t e r ,  i n  h i s  " typ ica l "  c a s e ,  u s u a l l y  
assumed t h a t  t h e  s 2 ( a )  component was a f a i r l y  sma l l  f r a c t i o n  of t h e  t o t a l .  
He was n o t  aware of t h e  p a r t i t i o n  i n t o  t h e  two sou rces  of what he r e f e r r e d  
t o  a s  "sampling e r ro r " ,  but  i n  h i s  examples, what is h e r e  c a l l e d  measure- 
ment e r r o r  was u s u a l l y  by f a r  t h e  g r e a t e r  component. 
"Chere a r e  two assumptions  he re :  one is sample s i z e ,  and t h e  o t h e r  
is list l eng th .  Granovet ter  went t o  some t r o u b l e  t o  show t h a t  where list 
l e n g t h  seemed too  long ,  one could i n c r e a s e  accuracy by drawing m u l t i p l e  
lists and showing each sample member on ly  a subse t  o f  t h e  e n t i r e  sample. 
t h e  p re sen t -  a n a l  yeis.. i n d f c a t e s  
Th i s  would be  expensive ,  and V t h a t  i n  any populat ion l a r g e  enough 
t o  r e q u i r e  m u l t i p l e  samples, t h e  expected frequency of obse rva t ions  is too  
low t o  warrant  u se  of h i s  method. 
I  here is  no obvious and gene ra l  s o l u t i o n  t o  t h e  problem of b i a s  i n  
' ~ r a n o v e t t e r  could do t h i s  w i th  l i t t l e  l o s s ,  s i n c e  h i s  t i e  of in-  1 t h i s  method o r  in any o t h e r .  Many of t h e  moat t r u s t e d  and beloved survey 
I 
t e r e s t ,  acquaintancehwaa considered symmetric f o r  t h e o r e t i c a l  r ea sbns .  1 
For t h e  more gene ra l  r e s u l t  w i th  t h e  complicat ion of two-way' ques t ion ing ,  
consu l t  t h e  appendix. 
I 
r e s u l t s  could e a s i l y  and sometimes q u i t e  p l a u s i b l y  be  modeled a s  t h e  r e -  
s u l t  of sys t ema t i c  b i a s .  But I t h i n k  t h a t  t h e  burden of proof is bes t  . . 
l e f t  t o  t h e  s k e p t i c .  It seems r easonab le  t o  assume t h a t  ques t ions  ask,.what they 
seem t o  a s k  u n t i l  i t  can be shown otherwise .  Th i s  is no t  in tended 
2 ., ~ 
anyone 
t o  suggest t h s t  ", should ask quest ions t h a t  people cannot reasonably an- . .' 
2 .  
swer and then claim a f a l s e  precis ion f o r  t h e i r  guesses. But in t i e  ab- 
sence of s t rong  evidence t o  the  contrary I pre fe r  t o  be l i eve  tha t ,guesses  
produce random responses more o f ten  than they r e s u l t  i n  systemat*ic'bias. 
 his seems a good moment t o  emphasize the  l imi ted  na tu re  o f  the  
c r i t i c i s m  of Granovetter. X i s  s p e c i f i c  a t t e n t i o n  was d i rec ted  t o  the  I 
I 
case where t y p i c a l  volume is high: t h e  case of acquaintance. Furthermore, I 
he had b a s i s  i n  past  research f o r  assuming t h a t  people's conscious aware- I 
ness of t h e i r  "weak t i e s "  was l imi ted .  F ina l ly ,  he claimed no intlerest I 
i n  the  ind iv idua l  l e v e l  i n t e r p r e t a t i o n  of h i s  proposed measures. Taken 
I 
I 
a t  its face ,  h i s  presentat ion was ne i the r  incor rec t  nor misleading. Our 
present  e f f o r t  does not  v i t i a t e  h i s  r e s u l t s  but instead genera l i zes  them 
f o r  problems of subgroups, l a r g e  populat ions,  and small r ad ius  t i e s .  
I 
1 0  
This might be c a l l e d  the  paradox of pluralism. A 
group might not  be i d e n t i f i e d  by o thers  simply because the  group. labe1 
has very low sa l i ency  and not because the  group is s o c i a l l y  isolaked. 
This is one reason f o r  suggesting caut ion i n  t h e  i n t e r p r e t a t i o n  pf the  
reported absence of t i e s  when t h e  t i e s  a r e  frequent  and the  groups a r e  of 
low sal iency.  
, 
I 
For the  c e n t r a l  concern of t h i s  essay,  the  r e l a t i o n a l  i n t e r p r e t a t i o n  
of membership i n  demographic ca tegor ies ,  t h i s  problem is not  very important. The 
I 
I 
focus i s  only on those ca tegor ies  in which our respondent might claim mem- 
bership,  e i t h e r  by possession of an a t t r i b u t e  o r  by l a r g e  numbers of s o c i a l  
t i e s .  Categories t o  which the  respondent enjoys few t i e s  a r e  not of in- 
t e r e s t .  But t h i s  w i l l  not always be the  case. A t  some point these  methods 
might be appl ied t o  l e s s  narrow concerns. Aswas  mentioned above. r ecen t  
t h e o r e t i c a l  p resen ta t ions  by Blau and Rytins and Morgan could i n s p i r e  con- 
cern with t h e  peripheral  ca tegor ies  in people 's  s o c i a l  worlds in add i t ion  
t o  a concern with the  c e n t r a l  categories .  
The present  methods a r e  by no means unsui table ,  but they requ i re  
some thought. For example, i t  i s  a comparatively simple matter  t o  d i s -  
t ingu i sh  s o c i a l  i s o l a t i o n  from s o c i a l  i n v i s i b i l i t y .  Remember t h s t  one could in- 
qu i re  a t  both ends of t h e  p o t e n t i a l  r e l a t i o n s h i p ,  t h a t  is, one could ask Group A 
about i ts t i e s  t o  Group B and ask  t h e  reverse  quest ion of members of 
Group B. Now i f  ii i s  assumed" t h a t  t h e  t i e  is symmetric, one would have two 
completely independent est imates  of its frequency. So i f  Group A i s  in-  
vis . ible  t o  Group B b u t  not v i c e  versa,  a major discrepancy w i l l  a r i s e  
when Group A claims m o d  t i e s  t o  B than B w i l l  acknowledge. It might be 
t h e  case t h a t  both groups a r e  equal ly i n v i s i b l e .  No discrepancy would 
a r i s e  i n  t h i s  instance,  but each group would be claimfng l a r g e  numbers 
of t i e s  t o  t h e  und i f fe ren t ia ted  "Other". ~ u t o n e . c o u l d  s t i l l  untangle the  
t r u e  s i t u a t i o n .  
I f  i n v i s i b i l i t y  i s  t r u l y  opera t ive ,  the re  should be comparatively 
l i t t l e  d i f f e r e n t i a t i o n  with respect  t o  more in tense ,  smaller  r ad ius ,  more 
accura te ly  reported t i e s .  Therefore both Group A and Group B would show 
up i n  each o t h e r ' s  in t imate  c i r c l e s .  I f  no (or  l i t t l e )  s o c i a l  d i s t ance  
was observed a t  the  in t imate  leve1,dne should f e e l  secure i n  asc r ib ing  
t h e  reported infrequency of weak t i e s  to  i n v i s i b i l i t y  and not t o  i s o l a t i o n .  
This example shows severa l  things.  The f i r s t  is t h a t  these  methods 
probably have wider app l ica t ion  than the  c e n t r a l  essay desc r ibes .  But 
app l ica t ion  must not ignore the  d i f fe rence  between awareness of contact  
with members of o ther  groups, and t h e  ex i s tence  of such contact  without 
awareness. This is a subs tan t ive  i s sue .  For some categories .  such a s  
I 
ancestors' notional origin, awareness may be more the exception than Table i 
I I 
the rule. When a category is highly salient, we may expect quite ac- Variance of individual P and Ti estimates and expected number of observed ties i 
curate answers about even tiny numbers of weak ties. When the cate- per respondent for random subgraph estimators with different population sizes 
' 
gory is not so salient, it will be invisible in the far reaches of and tie densities 
people's contact nets. 
. -. .- . - . . - . .. .. .-. .. 
11. At some point in this narrowing search procedure, the method of direct 
questions converges to a method of itemised enumeration;Laumann has'used this 
method to good effect when his interview scedule called for the identifacation 
of specific network alters whose attributes and relationships,as knbwn to 
the respondent, were then investigated. For rare ties, this method is 
1 
Population Average Tie Variance Variance Expected Number 
Size Ties Density of o f of Ties Observed 
Per Individual Individual per Respondent 
! Capita . P T . Estidtes* ~stimites* 
more direct and natural as indicated by the awkwardness of the question 
100 .01 3.976~10-~ 3,976 2.49 
10,000 
"And how many of your spouses are members of category X?" In such instances 1000 .1 3 . 6 1 4 ~ 1 0 ~ ~  36,140 24.9 
I 
social network and ask about each of these tie others in turn. 
. . 100 1. 4X10-5 5 . 7 4 3 ~ 1 0 ~ ~  281,405 . ,000356 7,000,000 
Aa applied by Laumann, this method differs from what I have discussed 1000 1.4X10-4 5 . 7 4 3 ~ 1 0 ~ ~  2,814,050 .00356 
of extremely infrequent ties, it is simpler,and more conversationally natural. 
to establish shared names or identifiers for members of the respondents 
in it's concentration of interview resources on a detailed investigation 
100 .(i01 4.012~10-~ 40,120 .249 
100,000 
1000 .01 3.976~10-~ 397,600 2.49 
of the structure of the most immeadiate friendship net.  i is approach also 
I * fir respondents with the average number of ties 
fixed the size of the net investigated for each respondent as a feature of I 
the instrukent design. 
Table 2 
Error  assumptions discuased i n  the  t e x t  
case 1: E(ei)=O a l l  i, V(ei)= a* 
case ii: E(ei)=k a l l  1, V(ei)= a2 
case iii: E(eiTi)S 0 
I Table 1 
Standard dev ia t ions  of individual  l e v e l  random subgraph es t imators  
f o r  d i f f e r e n t  values of t o t a l  number of t i e s  and population s i z e  
with a subgraph list of length 250. 
Total  Number of Ties  
I Population 
Graphical r epresen ta t ion  of Table 3 
s tandard 








of the  
ind iv idua l  
. subgraph 
est imator  
100 300 500 700 1000 
5000 1 
t r u e  number of t i e s  
Table 4 
2 The approximate variance assoc ia ted  with s ( C )  a s  a p e r e n t a g e  of the  exact  variance 
f o r  d i f f e r e n t  values of the  population s i z e  and the  sample s i z e .  
Population s i z e  
Sample 
10 109.2% 111.0% 111.1% 111.1% 
Size 
100 300 500 700 1000 




The approximate mriance associated with s (a) as a percentage of the exact' 






10 88.5% 88.8% 
Size 
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